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LETTER OF TRANSMITTAL,

.Janua rv 1. 1D2:L

To the }[embers of t he I .. egislat u re,

S tate of Califo r n ia,

Session of HJ2:3 .

The rep ort on t he " \Vater Resou rces of Ca liforu iu, " prepared by

t he Di vision of E ngin eering' and Ir rigat ion of this Depa rtment, is

t runsmitted herew it h. _ Th is report com pi les th e resu lt s of th e sta te­

wide in vest iga t ion a ut hori zed by Cha pt er 889 of the Statut es of 192'1.

III placi ng t his in yOllr ha nds, I desire to men t ion t he hel pful servi ces

of the Consult ing Boa rd appoin t ed p ursua n t to th e provisi ons of th e

ad and of t he mem bers of t he civil eng inec rmg profession wh o have

~;e l' ved on ad visory committees and review ed mu ch of t he work ill pre­

paring this repor t. They ha ve i'reelv g iven t o t he st a te valuab .e adv ice

aw l assistan ce that ha ve great lv ai ded th ese endeavors.

R esp ectfully submitted .

D irectnr of P ublic W ork s,
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LETTER FROM THE CONSULTING BOARD TO THE
MEMBERS OF THE LEGISLATURE,

'1'0 the H onorable Members of the Legislature,

State of California,

Session of 1923.

The Consulting Board appointed under th e prOVISIOns of chapter

889 of the Statutes of 1921, approves the report of the Division of

Engineering and I rrigat ion of the State Department of Public Works,

herewith submitted.

It is the judgment of the Board that th e Division of Engineering

and I r rigat ion should continue this work and that the required appro­

priution therefor shou ld be made.

Respectfully submitted.

Jfembers of COl/suiting Board.

L,_ _
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FOREWORD.

The legislature of 1921 appropriat ed $200,000 for an invest igation
of California's water re sources by th e State Department of Public
\IVarks, Division of . Engineering and Irrigation. Aceordingly, an
engin eer ing investigation has been completed and a report transmitted
to the legis latur e on January 1, 1923 . The great mass of data eollected
and the complex analyses thereof made it -advisable to present much of
the in formation in separa te volumes. Four of th ese are in print,
cn t it led :

ApPENDIX "A " " F low in Californ ia Streams. " Bulletin No.5,
State Depa rtment of Public Works.

ApPENDIX " 13 " "Irrigation Requirements of California Lands."
Bulletin No. 6, State Department of Public
Works.

ApPENDIX " C" " Ut ilizat ion of th e Water Resources of Cali-
fornia ." Bulletin No.7, State Department of
Public \Yorks.

ApPENDIX "D " "Relation of Settlement to I r rigat ion Develop-
ment. " Bullet in No. 8, State Department of
Public \V orks,

Chapter 889 of th e 1921' Statutes, which authorized this investiga­
tion, provide~ for. the appointment by th e Governor, of a Consulting
Board to advise WIth the Department in th eir endeavors. Th e follow­
in g wer e appointed hy Governor Stephens .

J . C. I<"OHKNER, Chairman
PETER COOK

. J ONNI'lL\N S. DODGE
B. A. ETCHEVERRY
HAHHY IIAWGOOD .
H. A. KLUEGEL
ROBERT 13. MARSHALL
H. D. MCGLASHAN
0.13. TOUT
n. S. WEBB

Addit ional ad vice on th e technical features of A ppendix "A" to
this report has been sough t by th e Department from:

C. E . GHUNSKY
IJoUIs C. HILI~

CHARLES D. MARX
H . D. MCGLASHAN
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Also, furth er advi ce was sought on th e techn ical features of Appendix
, ,B " from :

A. N. ·B U HCH

B . 1\ . ETCfiEVEHHY

K U1 UEL :F'ORTIEH

A. L. S ON DEHE GGEH

Th e 'Depar tment sought ad ded advice 011 the techni cal" featlll'es of
Appendix " C " from : .

A. J. C LEARY '

G. A. ELLIOTT

1:<' . C. H E RRMAN N

W. L. H U BER

A . KEMP KEY

,VILLL\1VI l\[UI~HOr,r,.\ND

Appendix " D " was prep ared by Dr. Elwood ~lead , Professor of
Rural Institutions of th e Universit y of Californ ia, and Chief of Divi­
sion of Land Settlement of · th e State Departm ent of P ubli eWorks,
under cooper at ive arrangements with th e University of California.



11

ORGANIZATION.

A . B . FLETCHER, Direct or of Public tvorks
W . 1<'. M c CLURE, Chief of Div ision of E ng inee1'i llg and I rrig ation

WILLI AM S. POST

The investigat ion of the wat er resources of th e
state and th e preparat ion of the report the reon,
was planned, directed and brought to complet ion by

P AUL B AILEY

Chief Assistants
R OBERT L. ,TONE SFRED C . S COBEY

S enior

II. A. ARMSTRONG
J. J . JESSUP ­

CLA REN CE F. J OHNSON
C. B . l\IEYER

, S. B. NEVIUS

office EngineM's

J. H.PEASLEE
v: A . P ERKIN S
vVALTER R UPPEL '

S . H . S EARAN CKE

EDWARD G . SUEIBLEY
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S . C. :METCALF
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R. C. STEVENSON
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CHAPTER 889 OF· STATUTES OF 1921.

13

An act to prooide [or t he i nv est igation by th e Sta te o f Cnli'[ornio: of the pos sib ili­
ti es of the «toraoe, control. and divel'sio n- of ureter [or public us e a nd publi c
protection. in the State of Caliio rni« , aMI mnlcins] an ap p ropriat.ioti [or said
pu rpo se.

( App roved June 3, 19 21 . )

The people of t he S t ate of Calif ornia do enact as follow s :

SECTION 1. It is hereby declared tha t the peopl e' of th e Sta t e of Calif orn ia
have a paramount interest in the use of all th e water s of t he State a nd th e State
of Oali fornia shall determine what w aters of the state , surface a nd underg round,
can be converte d to public use, or controlled for pu bli c protection.

SEC. 2. '1'he state eng ineer ing department is hereby authorized and ins tructed to
make the investigat ion in this act provided for and for th e purposes her ein specified.

SEC. 3. It shall be the duty of the sta te engineer ing departm ent to det er mine
the maximum a mount of water which ca n be deli ver ed to the ma ximum area of
land, the maximum cou t ro l of flood waters , the maximum sto rage of waters, th e
effe cts of deforestation a nd all possibile a nd practi cabl e uses for suc h wa ters in th e
State of Ca liforn ia .

SEC. 4 . It shall be the duty of th e s tate en gineering depa rtment to dete rmine
a compreh ensive plan for the acco mplish ment of th e max imum conse rvatio n , con­
trol, s torage, distribution and app lication of a ll the water s of th e sta te. and to
es t ima te th e cost of con structing dams, canal s, r eservoi rs or oth er wor ks necessary
in carrying ou t t his plan, and to re port th e r esu lt of suc h in vestiga t ion s with
recommendations not later tha n th e legislative session of 192 3.

SEC. 5. In ca rry ing ou t th e provisions of this act the state eng inee ri ng depart­
ment is hereby authorized to exa mine an y and all data, es ti ma tes a nd proposal s
in furtherance of the abo ve purpose, accord ing t o it s judgm en t of th ei r engineer­
ing worth, and to cooperate with any d epartment, bureau, office, ser vice, or di vision
of the U nited States, or of the state or count ies , or with any municipali ty, irri­
ga t ion , reclamati on , conse rvation, drainage, flood con t ro l, levee, 0 1' othe r district
a gen cy for irrigation, r eclamati on, drainage, or flood con tr ol p urposes, or fo r thc
development of hydro-electric power ; or with an y in te res ted association, com­
pany or individual ; p rooidcd, [urther; that the enginee r ing depar tm ent is he r eby
expressly authorized t o ac cep t , receive and use any funds or mo neys contribu ted to
it by any pe rson, i r r iga t ion di strict , reclamation di str ict , wa t er and conservatio n
di strict or any poli ti cal subdiv is ion of the Sta te of Ca lifornia fo r the p ur pose of
cooperating in th e work a foresa id a nd carrying ou t t he purposes of t his act.

SEC. G. With the appro val of the gove rn or, the sta te eng ineering depa r tm en t
is he reb y authorized to employ suc h assis t ance as in its judgmen t it may requi re
and to in cur suc h exp en se as ma y be necessary t o. ca rry out the purposes of this ac t.
The governor is furt her a u tliori zed t o appoint a cons ult ing boa rd, compose d of
cit izens of specia l and technical qua li fica t ion s, to serve in an ad visory ca pa ci ty ,
and without pay, in making the a bove investig at ion.

SEC. 7. There is her eby appropriated ou t of an y money in t he sta te t reas ury ,
not othe r wise a pprop r ia te d, th e sum of t wo hundred thousan d dollars, a nd made
immedi ately a vailabl e for a ny of th e pu rposes of t his act.

SEC. 8. This act shall no t in an y wa y be construed so as to depri ve pers on s,
corporations , or districts of vested rights.

SEC. D. Any section or portion of a section of a ny act, statu te or la w of t he
State of California in conflic t with the provi sions of thi s act is her eby repealed.
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CHAPTER 1.

RECOMMENDATIONS TO THE LEGISLATURE OF 1923.

17

One-third of the aggregate value of all of California 's products are
tho se raised on the farm, and one-fourth of all its manufactories are
conce rned in milling, canning or preserving, cleaning, or oth erwise
preparing food stuffs fo r the market. In a state whose wealth is taken
from the soil in su ch large portions, agriculture and th e problems
attendan t to its expansion, press for considerat ion. Th e accelerated
expansion of agr icultural production in California has been attained
through th e mor e intensive cutt ivat ion of its f ertile soils. Irrigating
about one-third of all th e lands farmed, this state now yields an average
crop value th at is almost three times larger for .each acre cultivated, (1)

than the average production on an acre of tilled land in any of the
three states t hat exceed Califo rn ia in total annual production on their

. fa rmed lands. 'I'h e abundant soil-moistur e obtain ed through th e sup­
pl ementary sup plies, has enabled the r esponsive soils of California to
produce man y fold under irrigation and is placing this sta te in a fore­
most posi tion amon g th e states of a nation of farms.

E ven more than in the past, will th e future be concerned in the
extension of irrigation to additional areas and the perfection of the
supply for tho se lands now watered, because th e agricultural lands of
this st ate are now yi elding to capacity under the conditions of dry
farming. It is th er efore essential that state activities should be guided
hy thoughts f or the orderl y and economical developm ent of its wate r
resources, so that all th e n eeds of civilization .for. wat er may be supplied
while the predominant use for ag riculture 'may exp and to th e full limit
of its wealth-producing powers. In this report, the Department of
Public Works and its consultants have endeavored to compile and
present information on the water r esources of California that will
enabl e your honorable body to guide th e state 's destiny with confidence
and wisdom.

Th e data amassed , the comparisons, the computations and the dedu c­
t ions involved in preparing this repor t , a re so voluminous tha t they are
printed in four separat e volumes. Appendix " A," " F low in Calif ornia
Streams, " in seventy-six pages of text, two hundred and forly-four
pages of ' tables, and in one hundred and eighty-five maps and
diagrams, describes th e location, the volume, th e source, and th e vari­
abili ty of occurrence of the state 's waters, and th e capacities of storage
works required for their u tilization. Appendix " B," " I r r igation
Requiremen ts of Califor nia Lands, " in seventy-six pa ges of text, one
hundred and fifte en pages of tables and seven maps and diagrams,
giv es a digest of all information obtainable on the past use of wat er
for irrigation, and presents an analysis of the future requirements of all

(l)T he. California State D epar t me n t of 'A g r icu i t u r e es ti mat es the average value of
far m products per acre for the four r anking states in 1922, was, ill or rte r of t he ir
t ot al prod ue tion : 'I'exas, $2 7..50; Iowa , $21 ; Illinoi s, ~.2 0 ; a n d Cali fornia, $59 .50. .
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of California's arable lands. Appendix" C," "Utilization of the Water
Resources of California," presents a general preliminary plan for
obtaining the maximum use from the state's waters and the control
of floods. Appendix "D, " "Relation of Settlement to Irrigation
Development," discusses colonization problems of irrigation projects.
All this information, basic f'or -a full conception of the potential" :;alue
of the state's water resources, its greatest possession, is briefly sum­
marized in the chapters of this report.

A general preliminary plan foruchieving the greatest service from
these waters, is presented as requested by the legislative' enactment pro­
viding for these investigations. 'I'his plan outlines a scheme of coor­
dinated development whereby a maximum accomplishment may ulti­
mately be obtained whose physical works for storing water would cost
but slightly more than half as much as similar attainment under an
uncoordinated plan. The ' canals for transporting this water to the
regions of use are, many of them, very-Iong and obtain water from
several sources, pass through numerous communities, and could be made
possible only through organization of large sections of the state. With­
out such canals much of the state '8 waters will go unused. Only then,
through united endeavors, almost statewide in extent, can the maximum
service be obtained from the state's waters; .

The reservoirs involved in the maximum development of the state '8

waters are some 260 in number. These arid twice as many more were
examined by field parties in these investigations, and a selection made
of a third of all the possible sites reported on. Time 'did not allow,
neither did the preliminary investigation warrant, a detailed examina­
tion of dam sites. Before it is finally known that the selected sites are '
feasible, borings and exploration trenches' must be ,made. The canals
outlined on the map of the comprehensive plan, largely pass through '
territory of which adequate mapsdo not exist. ' lV[any surveys must
be made before it may be ascertained that these canals are feasible and
that they are in the most 'economical location. It is ' therefore recom­
mended to your honorable body that funds be, approp:riated to pursue
the st'udy of the com.prehensioe plan in grea1ter detail iluun. has been
possible for th·is report, .

It is also desired to call to vour attention the value of -records of the
waters flowing in California ,~treams. Because of the sporadic way in
which the waters pass down the stream 'channels, reliable estimates of
future expectancies ' can only be imide ' from uninterrupted records of
many years' duration. The inventory of the state's waters presented
in this report has been based on an estimated fifty-year mean flow.
This was accomplished by expanding records of measured run-off
through comparison with precipitation records and, on many streams,
the entire estimate of run-off was obtained by comparison. , It is urgent
that provision be made for the continuance of stream gaging records at
least as extensive as in the past, and some increase be made in appro­
priations for this work if possible. The construction of all the great
hydraulic works on which the future wealth of this state depends,
must be designed in accord with these records of stream flow. It is
important that they be continuous and on all the streams.

Lastlv the desirabilitv of stimulating the rate of rural settlement
in Calif~rnia has been "pointed out in this report. This subject ' is
placed before you as one worthy of your attention.
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CHAP TE R II.

CALIFORNIA.

19

Califo rnia, second in are a, bu t first among th e states of the Union in
value of natural r esources, lies between th e Great Ba sin of th e North
Am eri can continent and the Pacific Ocean . Confined on the north by
Oregon and on the south by Mexico, it constitutes three -fifths of the
western boundary of the Unite d States. The six hundred and fifty
mil es of its meridional length exte nds to over ni ne hundred miles of
seashore as the coast lin e pursues a diago nal and more tortuous course
in .delin eating th e headlands and coastal indenta ti ons of the P acific
lit toral.

Within the two hundred mil es of California's average wid th , there
are 23,000,000 acres of agricultural lands disposed in parcels of various
sizes and sepa rated by mountains tha t occupy mu ch of the interv ening
space. Th ese agricultura l areas are the flat and rolling lands of the
state th at have soils, disposed in appreciable areas of r egular surface
conformation, suitable for the produ ction of harvestable crops . Th e
gra ins , fruits , berries, grapes, vegetab les' and other f arm produce for
which Califo rnia is famed, are grown on these lan ds. Th ey are located
on the va lley floors, in the foothills an d on the plat eaus of the state.
Included in the ag ricultural ar eas. are lands at present deficien t in
natural moisture, bu t more or less convenien tly sit ua ted for the ultimate
acquisit ion of an accessory water supply. Slightly over one-ha lf of
th ese agricultural areas were farmed in 1920.

Th e non-agricultural r egions of Cali fornia, th e mountains, are, for
the most part, precipitous, rocky or soilless. Occup ying three-fifths
the area of th e state, these upland regions ar e spacious collec tors of
precipitat ion that fill th e stream cha nnels with water, wit hout which
mu ch of the sta te 's arable lands could never reveal th eir powers of
produ ct ion because of deficient soil-moisture. Alt hough they are
mostly non-tillable, n ever theless the mountainous regions have supplied
the alluv ial ear th t hrou gh glacial acti on, weath ering or eros ion, that
their streams have conveyed to lower levels and deposited there to be­
come the fertile, product ive soils or the agr icultural areas.

Califo r nia's mountains are so disposed that their greater part is
compr ised within t wo ranges. Th ese diverge in their southerl y course
at Mount Shasta within forty mil es of th e Oregon line, and leave be­
tween their bases, the long flat valley that aver ages a quarter the
breadth of th e state arid half its length. Girdling this vall ey in th eir
southward cou rse, th ese two mountain chains proceed in long sweeping
cnrves to a converge nce at Tehachapi Pass, t hree-qua rters the way down
th e state fro m the north boundary. 'I'he encir cling line of crests of
these t wo ranges enclose within a rock wall, two-thirds of Califo rnia's
agric ultura l lands. This wall is cleft to valley -floor level in but one



AGRICULTURAL L AN D S I N F OOT HILL REGION.

l~

o



WATER RE SOUR CES OF CALIFORNIA. 21

place. 'I'hrough this cutting , the inter ior drainage issues, flowing
westwardly to mingle with the waters of the P acific Ocean .

The mountains to the east of this Gr eat Central Va lley, the Sierra
Nevada Range, extend for two-thirds the length of th e state between
Mount Shasta on the north and Tehachapi P ass on the south and th eir
crests are the high est of California's mountains. Serrated and-, pre­
cipitous, their altitudes increase from north to sou th and culminate in
Mount W hitney, 14,500 feet high, th e hi ghest peak in th e United Sta t es
exclu ding Alaska. Betw een the two extremities of this r ange, .many
peaks r ise to heights greater than 8000 feet above the sea and eleven
peaks pi erc e the clouds to more than 14,000 feet. In th e northerly
quarter of this range is Lassen, the culminating peak of it s vici nity,
10,580 feet high and North Am erica 's only active volcano . ."

The weste rly of the two mountain chains encircling th e Gr eat Central
Valley, the Coas t Range, aft er separating at Mount Shasta from the
mass of mou ntains in the northern par t of th e state, parallels the
margin of the Pacific Ocean and takes a somewhat narrower path in its
southerly course, than does th e Sierra Neva da Ran ge. 'I'ho Coast Moun­
tains do not attain the elevations of the Sier ra Nevadas, neither are
they so diverse of surface or massive in st r uct ure. 'I'lieir highest peaks
are less than 9000 feet in elevation and those above 5000 feet are but
few in number.

Southwa r d from the conv ergence of these two ranges at 'I'ehachapi
Pass and on to the Mexican Border , California 's mountains continue
as a single chain. Th eir cres ts are less cont inuous and th eir main axis
is less easily dis cernible th an from the Pass nor thw ard . A f~w
dominating peaks r ise to heights of mor e than 10,000 feet , but th eir
general altitude is int erm ed iate in elevation between those of th e Coast
Range an d Sierra Nevada Mountains.

This mountain range divides two very divers e r egions. To th e west ,
the Pacific slope, the agricul tu ra l lands of -which ext end from th e ocean 's

. margin well up to t he mountain flanks, is an in tensively developed and
highly productive area of moder at e climate fluctuation; whil e to the
east l ies an undeveloped expanse, ' almost rainless, with climat ic
ext remes, and largely unprodu ctive through lack of an accessory water
supply. However, there arc extensive produ ctive areas in Imperial,
Palo Verde and Coach ella va lleys which have acquired irrigation sup­
pl ies and ' are r eal izing on th e gr eat f ertility of th eir arid soils. In
this expan se of flat lands and mountains is Salton Sink, an inland' sea,
the surface of which is mor e than 250 feet below ocean.level.

On the Pacific slope of this dividing- ra nge in the southern quarter
of the state, in its broad valleys and adjacent to the seashore, is spread
the bulk of Califo rn ia's agricu lt ura l lands that lie west of the stat e's
mountains. in all , one-sixth of th eir tota l ar ea. Th ese lands are located
mostly along the st reams nea l' their. ocean outl ets. Nor thwar d f rqm ..
Santa Ba rb ara Cha nnel they are scattered r ather meagerly alon g' the
Pacific margin, for their conti nuity is int errupted by extensive, ::i.trc tgJles
of precipitous shore lin e that ri ses abruptly from the water's edge.

'1'0 the east of Southern California's div idi ng range sou th of the
Tehachapi Pass, one-tenth of the state 's arable lands lie betw een the ir
crests and the stat e 's eastern border. Northerly from these lands and
along th e easte rn border of th e st ate , another t enth of the agri cultural
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lands are located 'in scat te red parcels in the eleva ted valleys and pla­
t eaus east of the crest s of California 's mountains. These are mostly
situated at eleva t ions of f rom 4000 to 5000 feet or more above sea
level.

The extr eme ran ge in altitude of Califo rnia's var iegated surf ace is
f rom two hundred and seventy-five f eet below sea level in Death Val­
ley, to four teen thousand five hundred fee t above, attaming this eleva­
tion at Mount Whitney, bu t seventy-five miles distant from the lowest
depression. Th e greater par t of the fiat lan ds, or about one-fifth of
the total area of the state, lies between the elevation of the ocean's
edge an d five hundred feet above. 'I'hese flat lands compr ise the gently
sloping ocean li ttoral , an extensive mountain-girdled valley known as
the Sa cramento-San Joaqu in.jmd.th e alm ost r ainless area in the south­
easte rn corner of the state . Th ese regions, 33,000 square ' mil es in
extent, include the bulk of Califo rnia's ag r icultural area.

Hiirher in elevation tha n these flat lands, are the slopes lying between
the pl ain-like .areas and the base of the moun tains. These are the
rolling foothills and the more elevated va lleys, lands tha t are transi­
tional between the plains and the highland r egions. Locat ed between
500 and 2500 f eet above sea level, ' they comprise about one-third the
area of the state. One-quarter of all the agricultural land lies in
this t rans itiona l r egion, and only the scatter ed parcels in high moun­
ta in vall eys and th at on the plat eau in northeastern Califo rnia, lie
above it.

Higher than ,2500 feet in elevat ion lie th e mountains proper . F or
it large part th ey are a rugged and precipitous r egion of st eep accliv­
ities, of rocky ext rusions and serrated ridges, and of deep canyons
an d rock-walled gorges, that comprise n early half the ar ea of the
state, bu t in terspersed at in t erv als throughout this highl and region are
mountain vall eys and meadows, attract ive in their richness and scenic
beauty. 'I'he mountain an d foothill r egions, togeth er, are over triple
the area of the agricultural lands. In receiving greater precipitation,
the mountain r egions shed large volumes of water into the st reams
an d. ri vers and are th e source of nearly all of the state's wat ers.



24 WATER RESOURCES OF CAL IF ORN IA:

CH AP TE R III.

CLIMATiE.

.Th e California year is distinctive f'romthat in most other states of the
Union, in having bu t two well-defined seasons, summer and winter,
'I'his occurs because the t ransitional periods, spring and autumn,
ar e brief and devoid of special f eatures other than that they are inter­
mediate between the mor e clearl y defined seas ons of summer and win­
ter. .The summer , or gr owing period, is long, warm and without heavy
rains ; the winter is .t he dormant period; or interval of r etarded growth
in -the annual cycle of plant lif e, and normally is short" cool, and at
t imes sto rmy, Th e greater portio n of th e wat ers 'p recip itated up on the
lands of Califor nia fall during this season of winter .

The covert of encircling mountains and the p roximity of an ocean
that borders the state with nine hundred miles of coast Iine, so modifies
California 's climate that onlv moderate seasonal 'fluctuations of tern .
perature occur over most of its area, .Any great ext remes of hea t and
cold that do transpire are confined principally to the high mountain
or arid areas. On the lowlands generally , th e mean monthly temper­
atures show departures f rom the average for th e ent ire year, markedly
less th an similarly compared hea t measurements for th e adjoining
states or th ose located east war d and in cluded in the same latitude.

Califo rnia is exempt from hurricanes , arid tornadoes, and though
the mountainous r egions experience days of intense cold , blizzards
are· unknown over the vall ey areas. Favored of nature through
immunity from devastating temp est , rigorous cold, and enervating
heat, California 's climate is heralded the world over .

The outstanding features of the state's climat ic r egime arc th e rains
of winter and the sunshine of summer. During the winter months,
the state is swept by moisture-laden winds that traverse large areas in
their journey from one locality to another; while in the summer or dry
season, similar winds may blow, but they are rainless and serve only to
modify the mounting temper atures that ensue from continuous sun­
shine. This distinct division of the year into a shor t season of in ter­
mittent drenching rains and a longer season of 'warmth and sunshine,
determines that, mor e and more, in the years to come, this peculiarity
of climate will influence the act ivit ies of man in this state. As gr eater
numbers. of people elect to live within it s borders, water will he needed
in incre asing amounts for every activity, and all of California 's waters
or iginate in the precipitation concentrated in a few mon ths of th e yea r.

Of great est economic imp ortance therefore, among the .climatic phe­
nom ena, are the moisture-carryin g winds that visit t he state at annually
r ecurrent intervals. In blowing over the land areas, these winds pre­
cipita te varying amounts of water alon g the way as they are cooled,
and deflected or div erted hy local topography . The shelter of knolls,
of hills or mou ntains, or of ridges or sp urs, may lessen the amounts
reaching leeward are as, while in cr eased quantit ies may fall on mor e
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exposed locations. The greater cooling of the air upon moving up
d opes and arriving at higher elevat ions, usually in eeases the precipita-
tion in themountainous regions over that on lower lands. , '

The annual quantity of moisture r eleased from the atmosphere to fall
upon the several parts of the state, is as variant as th e rugged topog­
r aphy. ( 1) In 'general" precipitation increases in depth from south to
north, being least in the southeastern corner of California wh ere it is
nearly zero, and greatest ,in the North Pacific region cont iguous to the
Or egon line. where the mean annual rainfall attains a depth of one
hundred in ches or mor e. 'I'he mountains generally r eceive mor e than
the valleys betwe en them. 'I'hs greater portion of the flat lands have a
mean depth of precipitation of less than tw enty inches annually ' and
one-third of their area has less than ten inches. Depths of more than
twenty in ches are mostly confin ed to th e mountainous regions whi ch on
their more elevated portions receive from thirty-five to one hundred
inches, or more. In th e highest mountain re gions, precipitation occurs
largely as snow ; on those of lesser altitude both snow and rain fall , but

,the mantle of snow on the ear th is of short duration; while th e areas
lying closer to the ocean 's level. Iseldom expe rience a fall of snow but
r eceive all precipitation as rain. 'l'h e mild climate of this lower portion
of th e st ate extends, therefore, to nearly all its flat-lands, to the 'gently
sloping ocean li ttoral, to th e extensive mountain-girdled valley con­
.taining three-fifths of all the agricultural lands, and to the rolling
;foothills and detrital-filled valleys transitional to the hi ghland regions­
in all about one-half th e area of the st ate.

. To depi ct the features of rain, temp erature and frost in California 's
agricultural areas , Plate I has been prepared, " I llustr ative Climatology
on Agricultural. Lands." For convenience, the tillable lands of the
state have been segregated into sixteen divisions or sections, the bound­
aries of which are shown on Plate III , " Map of Agricultural Areas and
Duty of Water Sections," A station of th e United States Weather
Bureau has been select ed in each one of these sections to illustrate its
climatic f eatures, and th e mean precipitation and temp erature for each
month of the year, together with th e fro st-free periods for each one of
these stations is graphically delineated on Plate 1.

The top section of this plate shows , by means of colored columns
drawn upwardly from a common base line, the mean monthly precipita­
tion that has occurred at th e W eather Bureau Station that is named at
the foot of the bar. At the extre mity of each equally-spaced cross-line
on th e sheet , at the left margin, are numerals whi ch express values of
mean monthly precipitation in in ches of depth. Th e colored columns in
inte rcept ing these cross-drawn lines, indicate by their height, the
amount of mean monthly precipitation.

On the middle section of the Plate I , the mean temperatures that
hav e prevailed during each month of th e year at the stations named
above them, are r epresented by similarly colored columns that also
proj ect upward from a common base line. 'I'hese show the values of
mean monthly temperatures by their intercepts on cross-drawn lines
that are numbered with temperature values at the left margin.

(l)See I soh yetose Map of Califo rn ia containe d in Appendix HB" to th is report, for
complete delineation of precipitation ove r the s ta te,
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The lower section of the plate, designated " F rost Free Period," has
transverse bars which progress partially across the paper. In so doing,
their length exemplifies time. The space between the left and ri ght hand
margins represents the full tw elve months of the year . Vertical
lines divid e this space into equal units -of tim e and the mon thly
intervals are accen tuated by heavier -drawn lines. Spreading across the
sheet and crossing these vertical lines, the sections of the bars in solid
color show the duration of the period at each of the sixteen W eather
Bureau sta tions, within which fros t has never occurred. Extensions
of the bars, ha t ched with colored shading lines, show by the distanc e
between th eir extr eme ends. th e avera ge duration of the frost-free period
for the years of r ecord. . 'I'he bar s are similarly colored to the columns
of temp erature and precipitation and are named at the left margin
opp osit e their ends.

Plate I illustrates in a pictori al way, the climatic character istics that
prevail over Califo rnia's agricultural lands. The precipitation section
of this graph shows that almost without except ion, the rainfall in
amounts to be of much value to agriculture, is confin ed to the months
of Novemb er, December, -Ianuary, ' F ebruary and March; while the
temp erature sect ion shows that the period favorable to the growth of
plants and vegetation, is from March -to November, inclusive. Except
f or March and November , the rains in California occur during the
time of the year in which most plants are dorm an t and for seven warm
months of the long growing season, th e r ains on the agricultural lands
are light. Thus for a p eriod during each twelve months, California is
favored with precipitation-releasing winds, and once a year at coincid­
in g times, the mountain ranges are cloth ed in snow, foothill eminences
and slopes are drenched with rain, and vall eys and plains are wet ted by

-the same spacious storms ; whil e through th e r emainder of the annu al
cycl e, sunshin e and warmth are dominant and precipitation is small
in amount.
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The moisture-bearin g win ch; that t ra verse California during the
winter season precipitate three hundred billion tons of water annually
upo n t he surface of the state. Most of this fa lls as rain or snow upo n
the:mountain areas. Thi s precip itation: as rain, st r ikes the surface of
their slop es, off which portions run toward lower elevat ions; as snow,
it mantl es th e earth's surface or collects in wind-blown drifts to await
warmer temp erature for -conversion to liquid water , that ma y" likewise
pursue a downhill course toward the ocean.
~hese moving waters, ever journey ing to lower elevations, concen­

trate in th e ravines and gullies toward whi ch th e surfaces slope . They
follow the steepest gradien t!': and th e most deeply cut depressions and,
cont inually enhanced involume by like accumulations; r estlessly pursue
their downward course until finally th ey become engulfe d in th e earth 's
vas t r eservoir of waters-the ocean . Falling on the drainage areas as
precipitation, concentrating on th e land snrface as run-off, coursing
down the water-channels as st ream flow, th ese waters r each the ocean
as drainage ; and so by returning to th e storehouse of waters from
whi ch they wer e first vapori zed and ca rried to th e mountainous area
by 'the mois ture-bearing winds, they complete a cir cuit of travel.

'I'ho same stor ms that drench the up lands 0 1' cloth e them in snow ,
precipitate lesser amounts on th e lower flat lands, and this almost
entirely 'as rain. Lackin g the su rface inclina tion to- pu t the water in
motion, the earth ' cover ings of these lowland areas largelyubsorb the
rains f alling up on them or, detained in pools or puddles or in th e
saturate d top soil; they are lat er evaporat ed back to th e atmospher e.
Only during' extre mely heavy downpours of infrequent occurrence do
the:fiat lands contribute .run-off to th e stream channels.

Californ ia 's water-producin g area is the mounta ins. Influenced by
the: topo graphy, elevation, and exp osure of ,the divers localities, the
storms traversing the st ate deposit varying quantities of wat er on th eir
diverse surfaces. -' In each ar ea. however, only a por ti on of th e waters
cast from the clouds ever r each the st ream channels : the res t is dissi­
pated through evaporation . This ' division of th e wat ers starts imme­
di at ely with their precipitation from the r ain clouds and continues
throughout the ent ire water movement Moisture is evaporated from
th e fa lling particles of rain or snow, from th e . gather ing waters on
their catchment areas. f rom the snow fields, from wetted soil areas,
and from th e flowin g streams. Water is also vaporized from the vege­
tation that grows 011 th e moun tain slopes. Much of th e moisture that
wets the earth 's surface is absorbed by th e root systems of vegetation,
so that wher e trees , bushes lind undergrowth are dense, large volumes
of water are vaporiz ed through transpiration from plant-surfaces. So
evap or at ion is persistently in ' progress, and, effect ively and without
respite, r edu ces the volum es of water precipitated upon the earth's sur,
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face. '!'he fraction of th ese waters finally becomin g st rea m flow in each
season may be less than one-fourth or more than three-fourths of the
total precipitation, accord ing to the amounts f alling, the continge ncies
of th e season's weather , and the circumstances of topogra phy and
geology on th e catchment areas.

Except as it falls up on frozen or nonabsorbent surfaces, precipita­
tion upon st r iking th e earth must first moisten its top-cover ing, and it
is only after this ha s become saturat ed that wate rs gather on the sur ­
face to journey down the slopes of the catchment areas. "While col­
lectin g in puddles and pools or moving down the slopes in st reamlets,
some of this run-off t r ickle", into seams and cracks of the mountain 's
rocky structu re, whil e other quant it ies ar e absorbed by pervious soil­
cover ings. This moisture ad van ces by th e attracti ons of gravity and
capill ar ity and, fillin g th e pores and interstices of the earth's crust ,
penetrates to great depth s. Although usually only a small por t ion of
th e to tal, these per colating waters ar e especially valuable to man in
th eir reappearance at lower elevations as perennial sp r ings to moisten
meadow lands or to in crease the waninz summer flow of brooks and
streams. These tardy waters , in penetrating the subsurface r egions and
pursuing a dilatory under ground course, wet th e beds of th e stream
channels the year round and furnish nearly all of the dry season
stream flow, and are th e princip al waters available when the great
volum e of winter run-off has subsided. Their total amount, however,
is small , for three-fourths of the run-off from California 's mountains
concent r ates in th e st rea m cha nnels, hurries down th e water courses
and passes by the low-lying agricultural lands within fo r ty-five days
after it s precipitation upon the earth's surface.

F ollowing precipita tion so closely , th e state's waters appea r in th e
st ream channels in fluctuating flows having a striki ng similar ity to the
periodic occurrence of precipitation . Plate II, "Characteristics of
Run-off from Califor nia Moun tains," presents the hyd rographs of five
streams, each typical of a sepa rate sect ion of th e sta te. Th ese hydro­
graphs show the run-off, month by month , for the grea test year and
fo r the least , as wel] as th e mean monthly flow of all the years of
r ecord. F or conve nience of compar ison, th e monthly run-off is plotted
in per cent of the annual mean . Th ese hydrograph s show how the bulk
of California '8 wat ers run off thei r mountain catchment are as during
the winter months, and how only meager quantities flow in th e strea ms
during the middle and late Slimmer. Th e gr eat va riation between the
run-off of th e maximum and minimum Veal'S shows the wid e limits
between which seasonal run-off fluctu ates , and how, in th e smallest
season, the usual scanty summer flow is much r edu ced and this mu ch
earlier in the season than in oth er years.

This investigation has studied the features of flow in all th e st reams
of the state, ( 1 ) the amounts of their waters, and their variability of
production. All discov erable data have been assembled and an alyzed
and, although actual measurements of flow ar e available but for a
limited number -of years on the major streams, through compar ison
of th ese data, quantities have been ascertained f or every stream. For
th ese purposes the minor 'st reams were arranged in groups and these
groups,. together with the major streams, total one hundred and forty
in number. The location of each one of these st reams or groups of

mSee Appendix " A," " Flow in Cali fornia Streams."



30 W A'f ER RESOUR CE S OF CAL IFORNIA.

minor st reams is shown on the map of California, Plat e IV, " P relimi­
nary Comprehensiv e Plan for Maximum Development of California 's
Water Resources." Each basin bears a number on this map which
refers to a table at the top of the sheet. Thi s t able gives the name of
the stream draining the basin or the main st ream in the group of small
basins.

An audit of all these waters is prese nted in Table I , " W ater
Resources of California, " in which is a complete inventory of the state's
waters . ' In listing th e flow at the head of the main body of agricul tural
land on each stream, the waters in th is table are pract ically all that are
available, both surface and underground , for usc on th e flat lands of the
sta te for th e subterranean wat ers of the flat lands largely receive their
supply by percola ti on from the st rea m channels crossing them or from
percolation of diverted wat ers poured out upon th eir land surfaces.

Th e first t wo columns of Table I contain the n ames of th e st reams
or groups of minor st reams and their reference numbers. Through
th ese reference numbers , information that is too voluminous to incorpo­
r at e in this summary t abulation may be convenien tly t raced in the
diagrams and tables of Appendix " A" to this r eport. Spread out in
iorty columns to the right of these first two panels ar e values which
characte r ize th e amounts of water in each stream and it s variability
of flow.

.Of these columns , the third conta ins the areas of the drainage basin s,
while in the fourth to the t welfth are values of their r un-off expressed
in a variety of units. Included among these entr ies arc the quantiti e"
of water running off th eir collecting- areas in an avera ge season, and
in the seasons of greatest and least run-off. Th ese quantities affixed to
each stream definitely locate all th e sta te 's waters. Th e mean seasonal
quantities express the average amounts in which they may be expected
to appeal' and constitute a statement of practically all exist ing waters ,
whil e th e values f or the extreme seasons show the limi ts between whi ch
the flow of successive seasons may vary.

While the average annual water production of all these streams is
72,500,000 acre-f eet , this invoice of California's waters shows that the
combined maximum yield is two and three-quarters t imes this amount,
and that th e combin ation of all streams f or th e least seasons is but three­
eighths as mu ch as the avera ge annual amonnt. Th e tota l rn n-off in
successive seasons, then, fluctuat es between limits , one seven tim es th e
oth er, and th e value of an y one season li es at random between them.

In additi on to chang ing f rom yea r to year, all the st reams of the
state ha ve a fluctuating daily flow. Inclusions have been made in
columns 13 to 18, and 35 to 42, of Table I , to define the ext remes
between which the daily flows are accustomed to range. Columns 13
to 18 give values to the run-off during the months of July and Au gust.
Th ese two midsummer month s are times of th e year of nearly the least
flow, and in whi ch wate r is of mu ch value agriculturally. Th e quan­
t ities include the entire mon th's r un-off expressed in acre-feet, and
when divided by sixty afford approx imate valu es of the average daily
flow during the low water periods in cubic f eet per second, Con­
trasting them; are the values of flood flows in columns 35 to 42. These
ent r ies are of sp ecial import in not only indicating the upper limits
of variability in stream flow, but also in indieating the maximum



1899
YEAR O F M INI MUM RUN OFF

20

10

ci

"o

20

10

1898

YEA R O F MINIMUM RU NOFF

20

10

1912

YEA R O F M INIMUM RUNOFF

20

10

1898

YEAR OF M I N I MUM R UN O FF

20

10

Plate II

110 110 110 110 110

100 100 100 100

SACRAMENTO RIVER 90 PUTAH CREEK
90 TUOLUMNE RIVER 90 SANTA YNEZ RIVER 90 SAN GABRIEL RIVER

1904 80 1909 80 1907 80 1914 80 1907

YEAR OF M AXIMUM RUNOFF YEA R OF MA X IMUM RUNOFF YEA R OF MAX IMUM RUNOFF YE A R O F MAXIMUM R U NOFF YEA R OF MAX IM UM RUNOFF

70 70 70 70 70

... 60 60 u, 60 u, 60
u, u, ...

u, u, ... u, 0
0 0 0

0 z
z z z Z :::J

~ 50 ~ 50 ~ 50 ~ 5 0 c:: 50
..J ..J ..J

..J ..J -c
« « -c « z
z z z z 0

1il40 1il 40 1il 4O 1il 40 ~ 40
-c -c « « w
w w w W III
III III III

III Z
Z

~ 30 ~ 30
z

l5 30s 3 w w l5 30
~

~ :> ~
s

u, u, u,
u, u, 0

0 0
~ 20

0

t- 20 I- 20 I- 20 ~ 20
z z z z w
w w w w U
U U U U c::c:: c:: c:: c:: w
w w 10 ~ 10 ~ 10 "10.. ..
~ ~ ~ ~

~
u,... u, ... u, u,

u, u, u, u, 0
0 0 0 0 z
z z z Z :::J
:::J :::J :::J :::J c::
c:: c:: c:: c::

>-

~ 30 ~ 30 ~ 30
>- ..J
:;'30 I 30

I M EA N RUNOFF I MEAN RUNOFF I M EA N RU NOFF MEAN R UNOFF l-
t- t- t- I- Z MEAN R U NO F F

Z Z Z Z 0
0 0 0 0 ~

~ 20 ~ 20 ~ 20 ~ 20 20

10 10 10 10

S TA TE DEPARTMENT OF P UBLIC WORKS

D I V ISI O N OF E NGI NE ER ING A N D IRRIGATIO N

C AL IF ORN I A W ATE R RES O U R CES I NV EST IG AT I O N

CHAPT ER 889 -- 1921 STATUTES

C HARACTER ISTI CS OF R U NOFF
FROM

CALIFORN IA MOUNTAI N S





WATER RESOURCES OF CALIF ORN IA. 31

volumes of water which flood protection works ma y have to withstand.
Comparisons of these flood valu es with the low water flows of July and
August disclose a surprisin gly great range in th e rate of flow in
Califor nia's streams.

As an average over the whole state, the greates t daily flow exceeds
five hundred times the least. In taking values between these wide
limi ts on every day of th e successive years, th e greater flows exceed
the lesser ones in all degrees of magni tude, but the very large ones are
t he most infrequent in occur r ence. To give perspective to the occur­
ring f r equency of exceedingly gr eat flows, th e valu es that may be
surpassed within in terv als of t wenty-five, fifty, seventy-five, an d one
hundred years , are t abulated in columns 35 to 42. Th ese greatest
values of mean dailv flow constit ute the floods of Californ ia 's streams.
It is to be observed i;1 genera l, th at once in twenty-five years , the ext r aor­
din ar y values of daily flow swell at least for ty fold the aver age
volum e in their channels; and that once in a hundred years, even th ese
may be exceeded by flows th at are one-quarter larger.

So large are the volumes of wat er that pass down th e stat e 's wat er­
ways during these great floods that th e rate, which is only exceeded on
an average of four times a century, would send a plethora of waters
into th e ocean within four days, whose aggregate is equivalent to
the ent ir e production of every drainage basin in th e sta te for their
seasons of least flow. During but one of these days, th e total flow
would be ample to supply an urban population of seventy millions of
people with domestic wat er for a yea r, or to irrigate four million acres
of agricultural land, through an entire season, or , st ill, to generate
one hu ndred thousand horsepower continuously for t welve months
when dropping through a height of one hundred f eet. Nevertheless,
these volumes of wat er are largely useless to man because of th eir
ext remely infrequent appearance in the st ream chan nels. Th o waters
of lesser floods, however , may be caught by storage works const ructed
in the mountainous r egions and be deta ined for later release to supple­
ment the waning na tural flow in the st r eams. By such detent ion of
the flood waters for subse quent use, the er rat ic run-off may be equalized
and mad e available to man at t imes convenient to his special purposes.

'I'he greatest fra cti ons of the mean seasonal flow which may be con­
st rained to man 's ser vice through retention in storage reservoirs, are
set forth for allfhe st reams, in column 20 of Table I , and in column
21 ar e found th e storage capacities required to do this. Th e yields
from lesser amounts of storage are given in columns 23 to 34. The
maximum yield possible f rom the ent ire water-producing area of the
state is 58,300,000 acre-feet ann ually, or 80 per cent of th e mean
seasonal run-off. To secure thi s maximum yield would require a total

, capacity in storage works of 184,900,000 acre-feet. This volume is
slightly greater than three times the annual equalized yield. Such
large proportional amounts of storage ar e not needed if smalle r frac­
tions only of the mean seasonal flow are equalized. Capac ity for stor­
.age of twi ce the net annual yield, will develop 70 per cent of the
mean annual run-off from the state's drainage areas, and when this
capacity is just- equal to the annual yield in volume, it will develop
40 per cent of the mean seasonal r un-off.
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All th ese hydrographic 'quantities of 'I'ab le 1, whil e having charac­
te r ist ics which qu al ify the state's waters as a whole, vary considerably
.for the separate drain age basins. Never theless, adjacent basin s are suf­
ficiently alike to r en der distinction to whole regions by reason of their
special values. Th ese r egional values, in departing f rom the ones for
the entire state, are sti ll only indicative of th e predominat ing charac­
t eristics of large areas. I ndividu al basin s within the r egions may have
features widely different from those predominating over them.

'I'he six large topographic div isions of th e state have such predom­
inant regional cha racter istics. Of these, the Sacramento Drain age
Bas in is the largest. It comprises not only all the area lyi ng betwee n
the Coast Ra ng e and Sierra Nevada Mountains as far south as Su isun
Bay, bu t also the drainage area of Pit River, to the east of the moun­
tains and in t he northeastern corner of the state. This large basi n
contains one-fourth of the stat e 's water-producing area, and, with t he
except ion of the North Pacific _Coast r egion , it produ ces mor e than
anv other of the six divi sions and one-th ird of all Califor nia's waters .

'r he San Joaquin Drainage Ba sin is second largest of the six topo­
graphical div isions, but produces only one-sixth of the wat ers. 'I'his
basin comprises th e entire area between th e Coast Range an d Sierra
Nevada Mountains , southerly from Suisun Bay to Tehachap i P ass.

The third largest division is the North P acific Coast region , which
in cludes all the streams draining in th e Pacific Ocean northward from
San F rancisco Bay . It contains only one-fifth of the water-producing
area, but its streams contain over one-th ird of all th e waters of the
state. 'I'his is a greater yi eld t han in any other of t he divisions. F or
equal area it produces one-th ird more water th an t he Sacramento Basin
and over t wice that of the San J oaqui n. This r egion contains the most
product ive drainage basin in the state, the Smith River . Although
it s collecting area is only 627 square miles in extent, the mean annual
run-off is nearly three and one-half million acre-feet.

Th e region that drains into the P acific Ocean , southward f rom San
F rancisco Bay, is call ed the South Pacific Basin, and f01' its size is the
region of sma llest water yield. Although containing one-sixth of t he
d rainage area, bu t one-twentiet h of the sta te 's wat ers r un off its slopes.

Next in size is the reg ion of the Gr eat Basin , which comprises the
areas easterly from Cali fornia '8 principa l mountain system, and whose
waters do not r each the ocean . One-t enth of th e water-producing area
of the state is in this region but it yields only one-twentieth of the
waters : its incr ement in t otal is about equal to that of the South
P acific region.

Th e smallest of the six topographic divisions is the area ad jacent to
San Fran cisco Bay, exclusive of the Sacramento and San J oaquin
r ivers . Thi s locali ty contributes only 1 per cent of the total 'water s
of the state. - -

There is a great difference between th ese six regions in the manner
in which their wat ers r un off the collecting areas. Generally the reg ions
of least product ivity .have 'the great est variability in r un-off an d
dema nd the largest capacities in storage works to equalize their -var i­
able stream flow. The South Pacific, th e least "productive of the six
state regions, requires almost three·tim es the storage capacity necessary
to obtain the same re lative effects in equalized stream flow, as the' North
Pacific r egion, the most productive of the six state regions.
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Of th e basins of intermediate water produ ctivity, th e Sacramento
and San ,Toaquin are abou t equal in r elative storage requirements.
Although th e streams of the San Joaquin drainage have a much gr eater
range in va riation of annual run-off than tho se of t he Sacramento, the
bulk of th e San J oaquin waters run off later in th e season than those
of the Sacram ent o, and so, in general, stor age works are about equally
effect ive in each basin . Th ese two basins r equire slightly less stor age
capacity for equal relat ive result s to that required by the North Pacific
region, for thc North Pacific region has the smaller sum mer flow in its
streams. H owever . the relative storage requirements in th ese three
regions are nearly alike. '

'I'he San Francisco Bay region ; because of- its smaller fluctu at ion
in annual run-off than th e South Pacific, and greater than th e Sacra­
ment o or San J oaqu in, fall s in termediate in effeetiveness of storage
on its streams, bet ween t he South P acific r egion and th e three great­
est water prod ucing basins of the st at e, in which sto rage capa city, on
the whole, is nearly equally effect ive. Almost tw ice as much capacity
in sto rage works is 'necessary in the San Fran cisco Bay region to gain
equal r elativ e results in equalizing its ,stream flow as in either of the
Sacramento or San Joaqu in basins.

'l'he r elative amounts of storage required to equalize stream flow,
largely pertain to the range in variation between years of maximum
and minimum run-off and to the ap portionment of the annual rune
off between the winter and summer months. 'I'he North P acific r egion
has the smallest va riation in annua l r un-off, and th er e the maximum
is only five tim es t hat of th e minimum season. Th e maximum year in
th e Sa cramento Basin is six t imes th e least , whi le in all th e other
regions the variation is mu ch larger than in these two. In th e San
Joaquin it is fift een times the least , in th e San F rancisco Bay region
it is seventy times the least , and in the South Pacific the year of max­
imum run-off is 'one hundred times the least year .

While the San Fran cisco Ba y r egion has the smallest por ti on of
it s waters wetting the st r eam channels during the summer months , the
Great Ba sin drainage, east of th e Sierras and southern California moun­
ta ins, is dist inguished ' by having the largest apportionment of summer
flow of any of the six -regions. Th e st reams of the San Joaquin Bas in
are next in order and those of the Sacramento not far behind. The
North P acific r egion has an interm ediate ap portionment in'fho sum­
mer months between t hat of the Sa n Joaquin and that of the South
P acific r egion. '

Similar comparisons may be made between any of the individual
drainage basins in the state by refer ring to 'I'able I in th e proper
columns. Th e flow in all streams during the la rgest , the smallest ,
and the 'average season, as well as during th e mids ummer months, is
thm:e. Also the storage capacity requir ed to equalize their variant
flows and th e size of ext reme floods are enu merate d. So, comprised
within Table I , is a complete inventory of all the ' waters of th e state,
which in cludes their locations, their qua ntities and their variabilities.
'I'ho values ente red in the table are averages for the pa st half century
and should be indicative of fu ture expectancies, so th at this table' pre ­
sents in full th e wat er r esources of the State of California with th eir
character izations.
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CHAP'rER V.

UTILIZATION OF THE STATE 'S WATERS .

Only one-half of th e wid e expanse of Califor nia cont r ibutes mu ch to
the waters of its streams. . 'I'he other half, lower in altitude and mor e
even of surface, is favorably di sp osed for occupancy by man, and its
populated sections need water in or der that their industrial expa nsion
may continue and their communal civilization p rogress steadily onward .
The production of f ood, the generation of power , and th e supply of
water for domestic use, in the drier half of the state, are largely depend­
ent upon the waters of th e streams which have th eir sour ce in the more
elevated r egions. The farmer relies upon the st reams during th e
warm, dry summers for supp lementary moisture to mature his cr ops
and upon their hydro-electric energy to pump his irrigation waters.
The elect ric energy, generated by th e waters of th e streams as th ey
descend th e mountains ' slopes, furnishes pow er and illuminati on to the
industrial cente rs , and light and heat and means of operating many
conveniences, to th e entire social st ate. But most of all , th e cities.
towns, and villages, the pl easures and comfor ts of their cong reg ated
peoples, r equire th ese water s in abundan ce for d rinking and household
pnrposes. 'I'he expans ion of all th ese benefits to in clude larger popula­
tions, demands increased supplies of water for th e future with uninter­
rupted ser vice in purity and plenty, at all times of th e year, andin all
suceessive years alike.

The vital importance of water in th e economic development of Cali­
fornia is su ccinctly shown in the history of the state 's production. By
1920 , with but three per cen t of all the people in the entire United
States re siding within Califor'nias borders,' this state, eightee nth in the
area of land farmed , was fifth in positi on among th e states of th e Union
in value of farm crops ; and whil e in th e eighth position in value of
manufactures, was second in th e in stalled capacity of wat er wheels for
the hydro-generation of elect r ic current . . Since 1920, this state has
advanced f rom fifth to fourth (1 ) among the states of the Union in
value of agricultural products.

The advance to so favorable a compar ison in agri cultural output with
the other f orty-seven st ates of the Union, ha s been mad e without any
increase in the total area in improved farms. In fact, thirty-five years
have elapsed since the aggregate area in improved farms in California
has in creased . Although there are twenty-three million acres of land
susceptible of agriculture within the state's borders, the enlar gement
of the area tilled ceased when bu t half of th e total had been brought
under cultivat ion. As a result of th e unprofitable fanning condit ions
obtaining on the r emaining millions of acres . th e area under cultivation
did not further en large; the exper ience of the pract ical fa rm er limited
th e total area cultivated to bu t half th e agricul tural lands. Some

(1)Statisti cs of Ca li fo rnia State D ep a rtment of Agricultur e show tha t t h is st ate was
exceeded in va lue of agricu lt u r a l p roduct s by T ex a s, I owa and Illinois. .
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additional areas having inadequate natural moisture have since been
added to the t ota l area of improved farms by developing accessory
water supplies, but th e abandonment of other areas previously farmed
has comp ensated in th eir summation so that th e total acreage in im­
proved farms has rema in ed practi cally unchanged for thirty-five years.

This limit to the area in improved farms was reached in the year
1885. Prior to this year, t he t ill ed area had expanded in leap s and
bounds from the great impet us to farming ente rp r ises that followed
the world "ide movement to this sta te after the discovery of gold at the
midway point of th e last centu ry . This enlarge ment of the farmed
area continued at a rapid rate f or a third of a century, then slacken­
ing, it ceased about 1885.

'With less tha n 1:2',000,000 acres culti vated , all of th e st atc's agricul ­
tural area wit h sufficient natural moisture to mature a profitab le crop
had been brought into use, Since 1885, th e state has had no additiona l
area that could be profitably utili zed f or agriculture in it s natura l con­
dition, so that in r esp onse to th e contiuu ing favorable market fo r agr i­
cultural products, a more intensive farming of the land already und er
cultivation has been in progress, All through these thi rty-five yea rs,
the demand f or prod ucts of California 's ag riculturists has never
ceased to increase at an accelerated r ate. California, favorably sit ­
uated, its ferti le ag ricultura l soils produc ing' to capacity under condi ­
t ions of dry farming, required only that additional wat er be applied
to t hese lau ds to multiply th eir yie ld. The practi cal farmer , answer­
ing to th e ever-enlarging market for his produ cts, increased the yield
.of many acres by su pplementing the soil's natural moistu re with water

, applied through irrigation . In this way the state has continued.
through th e last thirty-five years, to r esp ond to th e constantly increas­
in g demand for it s farm produ cts, and in this way th e potent possibil­
it ies of Cali forn ia's farm lands are being invok ed to a y ield greater in
valu e than in any oth er state of the Union.

Th e utili ty of th e state 's waters ' in augmenting the yield of its agri­
cu ltu ral lands and th e demand s of the future, may best he ascer ta ined
through an investi gat ion of th e usc of water in the past. 'l'he quan­
ti ty of accessor y water needed for growing' cr ops to an harvestable
maturity, may best be derived f rom th e results of exper ience and prac­
ti ce. California's lands, deficient in na tural moisture during th e 'grow­
ing season of agricultural plants, hav e received varying qu antities of
water . The amounts applied on the sundry tracts in the div ers locali­
ti es, differ wid ely with all t he circ umstances and condit ions affecting
the use of water . Th e application to differen t fields has varied greatly
even for like crops, f or not only do the quantities of wat er used vary
with the in centive for th eir economic app lication, but the amounts that
arc dissipated in the process of ir-rigation change gr eat ly with contin­
gent circumstances , and even the act ual quanti ty necessary for absorp­
ti on by the root systems of the plants, is condit ional.

'l'hese circumstances and conditions n ecessitating the application of
more or less accessory water , ' ar c so vast in number, changing with
every variation in soil, crop, and preparation for spre ading water , that
on small tracts of land, the effect of one may predominate, ' but on
greater areas they tend to neutrn lize in effect. For t his r eason th e
average use of water on very large areas approaches like figures, whi le
the use on small tracts within th ese large area s, may take wid e numer-
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ieal departure from the gene ra l aver age. The larger the areas. com­
pared, usu ally the closer is the ag reement of numerical values in the
records of use. From the average use of water on large areas, suffic­
iently great to suppress the predomin an ce of effects peculi ar to small
parcels, natural divisions of th e state, sixteen in number , have been
evolved, and call ed duty of water sect ions. Th ese secti ons comprise
within th eir boundar ies, lands of app roximately lik e geographic posi­
tion, similar surface conformat ion, of analogous economic environment,
and equa l climate, and so form convenien t segregations for the dis­
closure of the irrigati on r equirements of Califo rnia's agricultural lands.

Delineated on Plate III, " Map of Ag riculture Areas and Duty of
Water Sect ions," th e boundaries of these sections show as red lines
following natur al dividing conformations of the land surface . The
agricultural lands show as ligh t green areas within the delimi ting r ed
lines. L et ters within circ les, intersp ersed throug-hout th e green areas,
indicate t he location of individual irrigation systems or of div ers
tracts of land for which data on the actual use of wat er or on proposed
uses, have been collec ted by these investigations. A searching inquiry
of th e use of water has been made and water measurements have been
assembled applying to an area that equals mor e than half the lands
irrigated in the ent ire state during 1919. Th ese r ecords ar e the sum­
mation of the lahars of a gr eat ma ny engi neers an d hydrographers
that cover the major por tion of th e last two decad es. Th ese extensive
data are in cluded wit h pertinent mater ial in App endix " B" to this
report and the let ters within the circles on t he map, are attached to _
th e data on the plates and in the tables of t his ap pen dix, so that the
approxi mat e geograp hic situation or the lan ds to which th e data app ly
may be traced.

Th at the water r equi rements for each of the several sections of the
state might be derived f r om this great assembl age of inform ation, an
examination of th e circumst ances and a close scr ut iny of th e condi­
tions were made, surroundin g th e use of water in ea~h section. All
information on the types and f er tility of soils, th e crops grown, the
climate, the water supply, the surface conformation of the land, and
all other subjects r elat ed to ir ri gati on r equirements, was reviewed
and compared with th e measured and proposed uses of wat er . P rac­
t ical working qu an ti ti es required of accessory water supplies in each
sect ion, were so evolved and r ecor ded in Table 2, " Agricultural Area ­
and Net Duty of W at er in th e Sixteen Sections of Californ ia." The
total area of ' agricultural land in each section is also r ecorded in this
table and numbers are given to each section that show th eir location on
the map , Plate III.

Th ese practical working quanti ti es in 'I'abl e 2 that set forth the
general water needs of the agricultural ar eas in each sect ion, are
expressed as the amount of water r equired on a unit area of cropped
land and are named th e " Duty of \Vater ." Ori ginally an exp ress ion
for th e area of land tha t a measu re of wate r would ir ri gat e when
flowin g continuously th rough the irrigati on season, custom has inverted
th e first mean in g and more conve nient ly utilizes the te rm " Dnty of
Water " to name the quantity of irrigati on water requir ed to furnish
throughout one season, an ad equ ate supplementa ry supply to the soil
moisture on a uni t area of land. This qu an ti ty is usu ally expressed
as feet -depth on th e lan d, meaning th e depth th at th e total amount of
water required each yea r for one acre, would cover its surface if it
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TABLE 2. AGRICULTURAL AREAS AND NET DUTY OF

WATER

in sixteen sections of Ca li forn ia , shown on Pla t e III

Sect ion
number. Description of section. Agricultural Net duty

area. of water.

Los Angeles ar ea, Ventura to Redlands _

Acres.

1,310,000

Feet dept h
on land ,

1. 75

14 Sierra foothill s, and rolling plains east and west of Sacramento Valley floor. ..

6 Sierra foothill s and rolling plains east and south of Sao J oaquin Valley floor .

San Joaquin Valley floor _ _. _ __ _

8 Western slope of sout hern San J oaquin Valley .. _ __.. _.

984,000 1. 25

1,299,000 3 .00

1,107,000 2 .00

657,000 2 .50

1,800,000 1. 75

5,468,000 2 .00

971,000 1. 75

410,000 1. 50

296,000 1. 75

530,000 1.5 0

453,000 1. 50

2,694,000 2 .25

2,305,000 1. 50

624,000 1. 25

1,598.000 1.75

22,506,000 .. . . . . . . . .

Delta lands of San Joaquin and Sacrament o valleys _ _. . _. _ _._

Antelope Valley and Mojave River ar eas _. _ .

Inyo-Kern, Owens and Mono valleys _ _ .

North coast area . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total . : ..

Northeastern mounta in- valley and plateau areas .

Imperia l, Coachella and Palo Verde valleys . _ _ __ _. _

Sacramento Valley floor . _. _ _ _ .

Santa Cla ra and adjacent valley areas _ _ _ _.. _.

Salinas and contiguous valleys• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Santa Barbara, Santa Maria and San Luis Obispo areas .

San Diego area. .Mexican boundary to San Jacinto and Yucaipa . _ .

12

11

13

10

15

16

2
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were all accumulated and confined above that acr e. Convent ional
use, however , has r esult ed in dropping the un it of area, t he acre;
and of t ime, the year; and althoug h not expressed, these are now
implicitly con taine d in the ph rase " D uty of ·Water." .

Qu ali fyi ng te rms are in comm on use, such as " Net " and "Gross."
"Net Duty " is the quantity of wat er measured at t he point nearest
to its ent ry and spr eadi ng out upon th e cr oppcd land . It thus con­
tains the water r equ ire d for p lant growt h, together with t he spread ing
or appl ication losses and the losses contingent to st orage in t he soils
prior to absorption by the roots of plants . Th e " Gross Duty" is t his
same qua ntity of wa ter in lak e or flowin g st ream, reservoir or plac e of
storage, to geth er with the conveyance losses and waste over sp ill ways
incident t o its flow through canals or conduit s from the first point of
diversion .a t its natural sou rce , to it s point of en try on to the crop ped
soil. "Net Duty" of water is best adapted to considerations of the
requirements of accessory wa ter supplies and in compar ing t he needs
of d iffer ent local iti es. "Gross Duty " is a subject for consi der ation
in cana l and conduit desi gn and in initial diver sion quantities.

'I'he application of waters to large areas in the quantities tabu­
lated at "Net Duty of "'Vater " in Tabl e 2, provide adequate moisture
for th eir in tensive cultivation ; but in estimati ng the total 'water
r equirements in anv locali ty , portions of th e entire ar ea will not need
water . Contingent to an intens ively developing' agricultural com­
munity , the r ural an d u rb an dw ellings, routes of comm unication and
trans portation, industri es, and improvements, occupy an in cr easingly
large portion of the tota l area. As th e small fa r m holding'S become
greater in number , the land is more vigorouslv cult ivated and the
produ ct ion per acre is enhanced ; t he fa rm bu ilding'S needed f or t his
great activity occupy a lar ger p roportion of the cultivateble area. Th e
total value of improvements, th e wealth created and th e in come derived
f ro m agriculture vastly in cr eases, hut th e farmed area would tend to
diminish exce pt for t he .cult ivation of new areas previously uuprofltabl e
to far m. 'I'ho inclusion of new areas among the til led lan ds, however , is
limited , fo r after the en tire area is brought into 118C, no additions can
be made without dest roying improvements whi ch themselves are essen­
t ial for the t ill ing' of the soil, an d also, th ere are always some lands
natur all y unfit for cultivation , such as rocky an d alkali spots, high
kn olls and stream beds. These will never he irrigated. F urther, in
each season a por ti on of the total area will re main fallow, other por­
ti ons will he pl ant ed but not watered and irrigation water will uot be
required fOJ ' either. So, in closply settl ed irrigat ed commu nit ies. the
sum total of the unit-rigated lands may be a conside rable part of the
tota l area. The studies made ill th ese investi gations, indi cate t hat
the part of the gross area ul ti mately r equi ri ng' ag ri cultural water, is
from sixtv to ni netv pel' cen t in t he various sect ions of the state,

Of all the waters in use for the various p urposes of civi lization, that
employed in agriculture is predominant. In the year 1920, with t hree
and one-half mi llion s of people in California and one-q ua r ter of its
arabl e lands und er irr-igation , about one-fou rth of all waters that can
ultimat ely he made avai lable through storage within the borders of the
state, wer e in lise for dom estic and industrial supply, irrigation, powe r
generation awl min ing. The dom estic and industrial use was about four
per cent of the total, wh ile much of the wa te rs used fo r gene rat ing
elect ric power and in mining, being on elevated lands, was employed a
second time at lower levels in irrigating t he state 's dry soils.



W A'l'ER RE SOUR CES OF CAI,IFORNIA.'

CHAPTER VI.
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COMPREHENSIViE PLAN FOR ACHIEVING THE MAXIMUM
SERVICE FROM THE WATERS ,OF THE STATE.

Plans for conver ti ng th e waters of California to their gr eatest service
in this generation and for all posterity, must give precedence among the
many uses for water , to those purposes whi ch are indispensable to man's
continued existence , Water for drinking and household us e takes
priority over that for gr owing f ood-stuffs, while water for growing
food-stuffs is primary to that for industrial purposes. Were there
abundant water for all needs, cogni zanc e of its relative importance in
dom estic, agricultural and industrial service, could be disregarded. In
Cal ifo rnia, however, where th e waters in the streams are r eplenished by
rains that largely occur in a fe w months of the year, and seasons of '
meager or bountiful rainfall succeed each othe~' in all variations of
sequence, there would be deficiencies of water for present needs during
every season, were it not ' for impounding works already constructed, '
Only through the construction of still gr eater and more"elaborate works '
to equalize the er rat ic stream ' flow and to transport waters to localities '
of urgent need, can California continue to enhance its wealth and
increase th e numbers of its peopl e at t he prevailing rate which for the '
past decad e has exceeded that of all other ,states ofthe Unio n but two, ( 1)

'I'he combined in cr ease of population in these' two state's, however, ":as ,
only one-third thatIn California, . .. ..... '

A comprehensive plan must' primaril y insure a'fun supply of wat er ,
for drinking and hous ehold purposes. But since the present needs .for
dom estic and industrial wate r supplies are 'only a twenty-fif thrt he
amount r equired for ir'rigatiori iof 't he agri cultural lanclS'now using
water , th e prin ciple constructive features of a plan for obtaining maxi­
mum use of the state's waters , must revolve about its distribution for
the greatly preponderant use in agr iculture, Further, the magnified
urban communiti es of the future must largely encr oach upon lands
now classed as agr icultural, for these fa rm areas compr ise all the lands
that arc suitabl e for re sidence, except those about th e state 's seaports.
Because of their harbors, commerc e and strategic locations, the seaports
will expand over adjacent lands now excluded from the agricultural
areas on account of being scatter in gly settled fringes to population'
centers or on account of being too rough of surface or ste ep of slope ,
But metropolitan areas in all other parts of the state will undoubtedly
arise upon th e flatter lands classed in this report as agricultural. As '
these are r elinquished for city developm ent, th e total cons umpt ion of
water in any district for both dom esti c and irrigat ion supplies will not
increase very mu ch, since cities of f'ait -ly mature growth usc water about

(lJU. S . Censtls- lf120 . P opul ation of .Ar izona in cr eased 63. 5 per ce n t, Montana 46
per cent, while Cal ifo r n ia incr ea s ed it s numbe r s H per cent du r ing t h e p r eced in g
dccade.
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equal to that required for irrigating crops on the same area. Conse ­
qu ently an y eomprehensive plan for supplying water to all parts of the
state in amounts suited to its future needs for urban and agricultural
dev elopm ent, will have accomplished both purposes when all the present
lands, classed as agri cultural , are provided with an adequate allotment
of water to irrigate th eir surface, and additional allow ances are made
for the dense urban development that will occu r about th e state 's
seaports.

Of other uses for water, though subser vient to the primary demands
of the hous ehold and fo r gr owing food-stuffs, th at of gene rating hydro­
elect i-ie .power to light and heat th e homes in rural and urban communi­
ti es, to operate fa ctori es, railro ad s and car lines, to illumin ate the
st reets of cities and towns, as well as to pump and deliver water fo r th e
domestic and agricultural us e, undoubtedly ranks close to the employ­
ment for agricultural purposes. It is through these agenc ies that
accessor ies to raising food -stuffs are supplied, that farm produ ces are
prepared for consumpti on, and the necessities and conveni ences of
civilization are conv eyed to all alike, so that a comprehensive plan to
obtain th e maximum use of the state's waters must dispose of these
waters in such a way that a full measure of hydro-electric ene rg y may
also be generated.

Th e agricultural lands of th e state, situated on the lower levels, are
.favorably located to receive the flowing wat ers of the st reams after th ey
have exhaus ted their inherent energy in tumbling down the st eep moun­
tain slopes . Three-fifths of the agricultural ar ea of the s tate is less than
five hundred feet in elevation, and seven-eighths of it is less than
tw enty-five hundred fee t in elevation, while the mountainous water­
producing r egion ascends to heigh ts as great as ten thousand feet above
the twen ty-five hundred foot level. This spacious r egion, a steep and
rugged coun try that spreads over hal f th e state, yie lds practically all of
California's waters. Th ese drain into the stream channels and flow
past th e bulk of th e lower-situated agricultural lands in th eir descent
toward the ocean . Thus, the re gion that abounds in th e sheer declivities
and swift flowin g streams, most essent ial for the gene ration of hydro­
elect r ic energy, lies above seven-eigh ths of California's ag ric ultural
lands and abov e those areas that will be mostl y occup ied by urban
development. If th e diversions of domesti c and agricultu ra l waters
from the stre ams are generally confined to points below the t wenty-five
hundred foot contour, the areas most favorable for power development
one-half th e total su rface of th e st ate, with its waters nearly all of the
state 's supply, remain intact for the unimpaired gene rat ion of electri c
energy and these waters may then be r e-used on the lower levels for
domestic, agricultural and industrial purposes. 'I'herefore a compre­
hensive plan to serve th e maximum area of agricultural lan d with irriga­
tion wa ter, that makes its diversions of water below th e t wenty-five
hundred foot elevation and that provid es additional wat ers f or the
growing urban communit ies about th e seaports that are not spreading
over agricultural lands, is the constructive measure that will enable
the greatest us e to be mad e of California's water resources, and such a
plan would give th e grea test service to the primary needs of man and
provide dom est ic and irrigation waters in th eir largest amounts, with out



WATER RESOUR CES 0 1" CALIl<'ORN L\. 41

particularly abridging the use of wat ers for the industri es and the
generation of electr ic power.

While the entire amount of California's waters for an average year
would submerge the twenty-three million acr es of tillabl e land in this
state to a depth of three and a quarter feet if evenly spread over and
confine d above them an d the necessary applicati on to the soil is but
two feet in depth annually as a statewide average, still the disparity
in locati on of these agricultural lands with respect to the sources of
abund ant water supply, presents insurmountable obst acles to the utiliza­
t ion of a considerable part of these waters on th e lands that need them
most urgently.

In northwest ern Cali for nia lies the area most producti ve in water
of all reg ions in the state , th e North Pacific Coast r egion . From the
evergreen slopes of its timbered mountains, mor e th an one-third of
all the st ate 's waters drain off into the ocean , passing on their course,
onl y two pel' cent of th e agr icult ural lands of th e state . Thi s immense
volum e of water , enough to cover the arable lands of th e ent ire state
to an average depth of one foot every year, joins th e ocean deep without
opportunity of infusing harvest-maturing moisture into those portions

.of California 's soils that are too dry for maximum production wit hout
accessory supplies. Th e oceanward slopes of the Coast Range are
separated by more than on e hundred miles from the neares t large body
of farming land that is deficient in local waters. I n attaining heights
in an unbroken barri er of from four to nine thousand feet , the Coast
Ran ge Mountains effect ively block the transport ation of th e waters
f rom th eir western slopes to the extensive area of agr icult ur al lands
lyin g to the east and south. Only in projects of grea t magnitude can
p ort ions of these waters be captured and deliver ed for use on th e lands
that need them.

Diagonally across the sta te f rom this great waterproducing basin
of the North Pacific Coast, lies a r egion in th e southeas tern Corner of
Califo rnia, one-fifth the entire area of the state , mountainous for a
large part, but containing at least four million acres of flat lands of
which the geography is only partly recorded becau se of th e ext reme
aridity and uninviting aspect of it s parched expanse. Some of th e flat
lands that ski rt the edges of th is moistureless solitude, have been
f ortunate in secur ing wat ers for their dry soils. Th ese have responded
to ir rigat ion. and th eir great fer tility has brought forth bountiful
harvest s to r epay th e pioneer. Th er e were 546,000 acres of this region
so irrigat ed in 1920. H owever , an area of 2,400,000 acres of the flat
lands have been listed as agricultural, for water may ultimately be
obtained for considerable areas in this region. Thus in one corner of
California , one-third of its wat er resources are dissip ated into the
OCean with but small possibility of use, whi le in the opposite corner -of
the state, over six hundred miles distant, considerable areas: of poten­
tially fertile soils await th e import of plant-nurturing wat ers to awaken
their powers of production.

Intermediate in geographic position between these ext reme regions ,
lies the Great Central Vall ey containing three-fifths of all the agricul­
tural lands of the state. Th e northerly part of this area, the Sacra­
mento Valley, contains five and one-half million acres of agricultural
·lands and enough wat er courses through the ' streams ' t raversing it, to
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submerge these lands on an avera ge foul' and one-half f eet in annual
dopth , while its southerly part, th e San Joaquin Valley, contains eight
and one-quarter million acr es of arable land, 'but only enough water
flows in its stream to covel' th em a foot and a third in average depth
if spread evenly over them each year. '1'0 th e west and south of these
lands and disposed along th e coast from San Francisco to the Mexican
boundary, is the South P acific Coast region , which contains a tillable
area of over three million acres, but its st reams on an average, yield
only water enough to covel' these lands a little more than one foot in
depth annually, Oth er agricul tural lands, abou t a half million acres in
th e San F'rancisco Bay Region and four and one-half million acres
easter ly from th e Sierra Nevada and the mountain range extending
southerl y from Tehachapi Pass, have water in adjacent streams that
will covel' th em annually to less than an aver age depth of one and a
quarter feet , except ing tho se areas that can receive water from the
Colorado River . Areas th at are irrigable from the Colorado River
may obtain amou nts more than double this. '1'0 evol ve' 'Works by which
uiaicrs nuu} be transport ed to ovcrcome this tl1teven geographic disiribu­
iion. of Cali f ornia's waters, so iluii, as nearly as possibl e, (~U these
diversely situated bodies of aqricuitural. lands may be serv ed with their
n eeded waters at th e least expense, is th e main p roblem to be soloed. in
unfolding th e coniprehensioe plan .

How ever , other most important considerations intervene in pre­
paring plans. In addition to the seventy-three million acre-feet of
California's waters being locat ed in geographic positions adverse for
use on mu ch of the ,agr icult ural Iands, these waters course down their
stream channels in capr iciously errati c rates of flow and three-fourths
of them reach the lower levels at a season of the year during ' which
th ey are of little use for irrigation, becaus e the sam e storms that pre­
cipitate th e run-off on the mountain collecting areas, usually wet the
lower agricultu ral lands as well. Thus works must be provided to
detain la rge volum es of flood 'water s on their catchment areas arid hold
th em in r eserve for supplementi ng the diminishing summer flow of the
streams at th e time needed for irrigat.ion. In holding waters in storage
for later use, evaporation is cont inually active Oll th eir surfaces and the
stored volumes are constantly depl eted through loss t.o the atmosphere.
It is r evealed by these investizations that, even with unlimited storage
capacity available on cV,er ." st.I'?am, not more than eighty per cent of
th e state's waters can be broug-h t into use as uniform flow ; that, with
max imum equalization of stream flow, one-fift h of all th e wat ers would
he lost. hv evaporation wh ile being detained in reservoirs 1111til the
tim e arrives for th eir use. 'I'hus th e four great basins 'deficient in
wat ers for th eir ag r icultur al lauds, the San Joaquin Valley, th e South
Pacific Coast Basin, and th e regions of San F'ran cisco Bay and of the
Great Ba sin drainage, within whose confines li e two-thirds of all the
agricultural lands of .the sta te, would have their already inadequate
waters, if develop ed infheir ent ire ty, r educed one-fifth in volume by
losses of evaporat ion . . ' -

To further complicate th e problem, th e wat ers of some st reams; in
th eir flow bein g less er rat ic. can be mor e easily eqnalized to' uniform
discharze than in others. '1'0 minimize the cost of th e works. those
streams must. be most heavily drawn upon for water that require the
least storage capacity to equalize th eir flow and upon whose drainage
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areas cheap r eser voir sit es may be found . 'I'he capacities of storage
required to yield the maximum amount of uniform flow fo r irrigation
use varies widely OIl t he di ffer ent strea ms. On th e stre ams of least
r equirements, the ma ximum dev elopment may be obtained with a
storage capacity whose volume is less than th e annual yi eld of uniform
flow, while on the strea ms of greatest r equirements, a storage cap acity
fifteen t imes as la rge as the annua l equa lized flow is necessary to obt ain
the maximum yield . In gene ral, t he greatest storage r equirements are
on streams in the regions of least water production, so that the most
effective use of th e state's waters may be accomplished only through
a supe r lat ively scientific plan. .

That the hi ghest attain men ts of science could be introduced in th e
preparation of a comprehens ive pl an , th e invest igat ions have assembled
masses of data an d completed intricate an alys es concerning th e location,

. the quantities and th e variabili ty of occurrence of the waters of the
state . This digest of in form ation ha s been all-inclusive, and is pre­
sen ted ill full in .Appen dix " A" to this repor t. It is summa i-ized in
'I'able 1, " \Vater Ii csourccs of Califo rnia." 'I'his audit of California 's
waters results in th e first complete inven tory of th e waters of an entire
state that has ever been assembled.

In addition , dat a on twelve hundred and seve nty reservoir sites have
heen exa mined and preliminary esti ma tes of the r eservoir capacity and
of th e water yi eld were mad e on nearly eight hundred of th ese. The
field parties of th e dep artment ma de r econnoissance sur veys of one
hundred and seventy-six r eser voir sites and sear ched three thousand
five hundred mil es of stream bed for other possible locati ons. F ur ther,
that the am ounts of water needed fo r i rriga ted agriculture might be
ascertained, data were ga thered on th e qu antities of water used on over
two million acres of irr igated lands in the state, or more than half the.
total area irrigated in 1920. Th ese r ecords of water use extend over
an average of four yea rs. 'I'hey arc presen ted in Appendix " B" to
this report. - ,

An 'analysis of all this data discloses that four-fift hs of all th e agri­
cultural lands of the st ate may be water ed. Additional investigation
would probably result in findin g means of irrigating st ill larger areas,
bn t th e 'water would he very costly. 'I'hc 18,000,000 acr es whi ch it is
f ound possibl e to water is an oxpa nso gl'eater tha n the enti re area in
all th e western sta tes irrigated in .1 9.1 9, and three tim es as large as the
area under water ill Califor n ia in th e sa me Vea l'.

'1'0 accomplish th e u-riga ti on of ',his largcure» will require the con­
st ructi on of reservoirs hayi ng an aggrega te ca pacity of 50,000,000 acre
feet, an d manv mi les of lnrco canals to transport water from its source
to th e r egions 'of need Ior i( Hecnusc of the inclusion of the maximum
area in th e esti mates of «ost , th e average price per acr e for accomplish­
in g th e irrigation ofthe l S,OOO,OOO acres is greate r than most projects
th at arc now under const ruction. bu t addit iona l areas to those watered
at the 'pr esent t ime call onlv be irriga ted at greate r costs, for th ey are
the residual lands as th e more fa vorahle areas for construct ive enter­
prises are selected .

Quoting from th e 1D1!l r epo rt to the Smithsonian Institution on irri­
gation in the western states, "'I'he grea t bulk of th e land west of th e
hundredth meridian whi ch is not too hi gh , cold. or ro cky for agricul ­
tnre, is arid. Of this ar id por ti on, over 15,000,000 acres have been
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placed under irriga ti on by pr ivate or publi c enterpr ise, and in carry­
ing ou t this wor k, of course, the most favor able opportunities for such
irrigation hav e been develop ed . It will still be possible to add many
million acr es to th e irrigated area and pe rhaps to double the area now
irrigated, bu t this must gene rally be done at a hi gh cost, as the cheap
opportunities have been long since exhaus ted. Th ere are r emaining,
however , many areas whi ch can be ir r igat ed within feasible costs a nd
will develop values f ar in excess of th e necessary expe ndit ur es. " These
investigations show tha t it is possible to complete th e irri gation of
18,000,000 acres in Califo rnia alon e. 'I'h is would add 12,000,000 acre s
to th e area under water in th e western United States.

In preparing a genera l pl an f or this attainment, the comp lexly
involved rights nnd claims to ri ghts f or the use of water in this state
were not considered, but rather a plan was devised which compr ehends
th e st ate as a virgin territory with its water s and soils unsegregated
in private ownership . H owever, in clusion was made of all constructed
works, so that th e plan does not contain proposals for dis carding monu­
ments of attainmen t of this or preceding gener ations. The plan would
use all existant r eser voirs, main cana ls and distribution ditches . Waters
from n ew sources wou ld be turned into the systems now in use on their
arrival in that locality.

In the estimates of cost, entr ies wer e in cluded for expenditu res made
in building all existing works excep t distribution canals, so that the
t otal cost est imated is for a complete system of sto ra ge works and main
canals giving uniform service to all lands irresp ective of th eir present
stage of development . It was fo und to be impossible in a gene ral layout
to sepa r ate th e service and costs between areas now under water and
those yet to be irri gated, because large areas, now classed as irrigated
lands, have su pplies that are deficient during th e latter part of summer
and many projects are short of water during th e entire season in

, years of subnor mal stre am flow. To mak e this seg regat ion would require
a detail design of, th e plan in each locali ty, a work of great magnitude
fo r so large an area as 18,000,000 acres, 'Theref ore th e cost est imates
her e given are the ave r age cost per acre to develop a first- class water
supply for all irrigable lands, whether th ey are now watered or not.
They inc lude all costs of construct ion and of r ight s of way, for storing
water s and transportin g them into th e r egions of use, but do not includ e
th e cost of cons tructi ng distribu ting canal or of oper at ing the works,
or th e costs of acqu iring' water-rights, of liti gation over claims to water­
rights, or of damage suits, Neither have credit allowances for power
that mi ght be develop ed at or in th e vicinity of t he many dams for
storin g' water been deducted in the cost est imates.

'I'heavera ge cost of stor age works necessary to develop a, full supply
for th e entire 18,000,000 acres, through all seasons without shortage,
is twenty-five dollars per acre-foot of water develop ed; while the cost
to tho land for adequate amounts would be forty-five dollars per acre.
'I'he cost of cana ls with appu rtenant str uct ures to transport this water
to the r egions of use would average thirty-five dollars per acre . The
total average cost per acre to deliver a first -class supply to the region
of use is, t herefore, eighty dollars. Th ese costs vary great ly in the
different localities .



'1'0 offe et th e wate ring' of so large an ar ea at th ese cost s, it is neces­
sary over the bulk of Calif orn ia 's lands to adopt a coord inate d scheme
of developmen t and di st ribut ion of water, that comp rise ver y large
ar eas in interrelated wor-ks. '1'0 s tor e th e wate rs at t he cheapest loca­
t ions of abun dant supply an d t ransport th em long distances -to t he
localities of lise requires int er- serv ice works of -great dimensions. Areas
gTea t er than are H OW unde r ir r ig-ation may be water ed without coordi­
nated development an d dis t r ibut ion, but 'a lim it is bein g a p proache d
wh er eby u nited en deavors almost statewide in exte nt will be n ecessary
to secure greater service from th e st ates waters at re asonable costs.

The pl an herein set fo r th r equires complete coordination of the di s­
tribution of wat er over large area s, as well as in the cons t r uction of th e
works . This is ne cessa ry in order to utilize the inexp ensive storage
sites to the great est advan tage. Dam s ites of low cost of t en have lim­
ited catchment ar eas d raining in to their r eser voir s th at do not yi eld
enough water to warran t the constr uct ion of high dams when the
draft on t hem is uniform. But unde r the coordi nate d scheme of op er­
ation of the 'com pr ehensive plan , these dam s ma y be erecte d to their
full height and the cheap sto r age capacity thus create d, utilized to t he
sam e advantages as th e cap acities behind oth er more ex pensive dams.

'1'0 secure this advan t age re quire s that the d raft on all r eservoirs be
pooled so that in apportion ing the total draft betw een the re servoir s
in each season, the largest amounts may be taken f rom the reservoirs
th at are filli n g- the quickest . In this way , the draft may be appor­
ti oned to small reser voirs sit uate d on lar ge drainage areas so as t o
empty t he m more th an on ce a seaSOli and -thus us e excess water that
otherwise would flow over their spillways; similar ly ; r eservoirs with
watersh eds of sma ll y ie ld may be left t o fill with accumulating waters
during the seasons of pl en t eou s run-off and may b e drawn on only du r ­
ing' t he drier seasons.

In so apportioning t he draft , exactly the sa me result s are attaine d
in irrigating the land as by th e customs in present u se whereby ' the
wate rs f rom each r eser voir become attached t o a part.ienla r tract of land
and the r eservoir is drawn on r egularly each yea r at its maximum rate
of yi eld . Unde r thi s p revailing syste m of individ ual reser voir-d raft it
would he useless to build da ms to greater heights t han is r equ ired to
equalize th e flow of their tributary dra in age area f or a uniform draft,
becau se l lO greater vi cld would be obt aine d with t he higher dams:
But wh en th eir wat ers are ut ili zed for over year storage onlv, for hold­
ing over the surplus of wet seas ons t o d ispense it for use in the dry
ones that may come sever al 'yea rs later, these chea p r eservoirs answer
just as well as the mor e ex pensive ones with la rger drainage-areas. In
either case the sam e amount of water must beheld in st orage some­
where for the sa me len gth of t im e, but a gre at ad vantage in cost is
gained over the customa ry syste m of indiv idual r eservoir-draft, by
th e select ion of the chea pest sites for stor ing this wa t er under the sys­
tem of pooled draft . Th e sche me of p ooled draft of th e compre hensive
plan , allots th e tota l draft to th e var ious reservo irs so that th e greatest
efficiency is attain ed in ope ra ti ng the work s. '1'0 obta in equal y ield
to tha t of th e customary syste m of ind ivid ua l draft on r eservoirs, the
coord inate d scheme of pooling the d ra f t con ta ine d in the comp rehensive '
plan , would re sult in an average const r uct ion cost of storage works only
slight ly more than half that of th e individual r eservoir-draft syste m.
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'I'he preliminary com prehens ive plan outlined in this report will
accomplish the irrigation of the maximum area of th e state's agri cul­
tural lands at the lea st cost , as well as provide water's f or the primary
use of dom estic supply and leav e th e great mountainous area ab ove th e
tw enty-five hundred fo ot contour fr ee for th e gene ra t ion of hydro-elec- '
trio energy , except f or th e i rrigation of the beauti ful mounts ill vnllevs,
1hat dot t hese regions and t he table lands in northeastern Dalifornin.
'I' heir total area , how ever, is only one-eighth of all t he t illable soil. all
th e other hand, mu ch power can be generated below th e tw enty-five
hundred foot level and ab ove the irrigation diversions. espec ially at the
hi gh dams of many of the s torage reservoirs. This plan, then , outlines
a scheme that will obta in th e maximum se rvice from the waters of the
state and provide . for all users in orde r of their importan ce to ruans
conti n ued existenc e.

ill this plan the sourc e of s upply ha s been selected as close to the
needy land as possible, the least expens ive storage sites have been
select ed , and th o can als have been routed over the least obst ruc te d path's
and a scheme of coordinate d use of reser voirs has been in cluded that
makes it poss ible to atta in the most efficien t service in . th eir operation.
'I'he main fe atures of the pl an are ·delin eat ed on the map of California
P late TV. "Preliminary Comprehensive P lan for Maximum Develop­
ment of Calif or nia's Water Resources. ?".

Becau se of the physical limits whi ch the mountain ranges and great
d istances ill Calif or nia p lace on th e transp ortation of water, bounds
are placed all th e areas that uatura llv group together to their mutua l
advantage .quite like t he boun ds of the great d rainage bas ins of th e
st ate . Th e pla n will th erefore be described hy major dra inage groups,

SAN FRANCISCO BAY DRAINAGE.

Half th e waters of th e state in th eir natural course drain into San
F'rancisco Bav. From the Pit Riv er. which rises in the extreme nort h­
east cor ner o'f the state, t o the Ker n, three-fourths t he len gt h of t he
state towards its southern extremity. these waters gat her into the Sacra­
mento and San Joaquin rivers to join with smalle r st re ams that emp ty
direct lv into San Francisco Bay, in issuing through th e Golden Gate
into the Pacific Ocean . Within these drainage basins are 14,800,000
aeres of lan ds su itable for ag r icultu re. The comprehen sive plan pro­
vides for irrigating all but two an d one-half per cent of this entire area.
Only 4,260 ,000 acres are now irriga ted in th ese regions.

Ninety-five per cen t of the 14,800 .000 arable acr es in th ese basins lies
ill one la rge continuous body of land on th e floor and skir t ing th e edges
of the Great Cent ra l Valley. Sloping from elevations of five hundred
feet above sea-level at the extreme northerly and southerly ends, these
lands are ba re ly higher t han t he sea in t he central par ts . W ith all
ext reme length of five hundred mil es, the economic conveyance of th e
su rplus waters of the north half of 't his vall ey to the sout her- ly areas
that are lacking in water . demands th at the plan he adapted to th e nat­
ural topographic and hydrographic fea tu res of the area. .

Since seven-eighths of al l the wat ers of these regions drain off the
Si er ra Nevada Mountains. th er e is ample fo r sp reading Oil t he east erl y
sid e of the val lev , In the Snc i-amento Vall ey. th e east side lands would
be served ahno~t ent ire ly by gravity diversions from adja cent st reams
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and the main can als would be sho rt. hut southerlv from th e Auieriea u
River, a ser ies of five long canals would be necessarv in orde r to com­
pl et ely irrigate the areas eastward from the valley trough. These
canals gener ally would be on th e va lley floor and serv e to t ra nsfer
waters southe r ly as they cross the distributing cana ls now in use. By
this .means all of th e cast side of the Sa n Joaquin Vall ey may 'he served
by .gravity .

The westerl v side of th e Great Cent ral Va lley is deficient in local
waters, partic;tlarly in t he San Joaquin ' where th ei r averag e an nual
amount is on ly 250,000 acre-feet. Their f ull amo unt, however , would
he distributed bv gravity to the higher lands on th e edge of t he valley
floor. In th e Sacramento Valley , three canals, each some sixty mi les in
len gth , would diver t f rom the main channel of tire Sacram ento R iver
and spread water to th e south and west , but a very cons ide rable area
woul d be served by .pumping diversions with comparatively short mai n
ca nals leading to adjacen t lands. Many of these are a lready con­
structed. Som e areas to the west of th e g rav ity ca nals would also he
ser ved hy pumping from these mains. Th e pumping lifts would gen.;:
era By he less than fifty f eet.

'I'ho west s ide of the San Joaquin Va lley would be serve d bvone
grand canal two hundred miles long. T his would fo llow th e flat lands
of smooth surface and have nine pumping plants at in tervals alon g
its cou rse to raise t he water against th e natura l grade of th e va lley
floor . The greatest lif t of the water flowing in t his canal to its ext re me
southern: en d, woul d be 400 f eet. There would be 650,000 acres served
out of th e grand canal hy gr avity, hut th e ot her ] ,;380,000 itcres t hat
could t ak e th eir supplv from th is canal, requ ire that the water be lifted
by pumping for distribution over th e land surface. Th e total pump­
ing l if t would be hi gh for most of these lan ds. A bout 600,000 acres
only woul d ha ve a t ota l p umping li f t of less than t hree hu n dred feet,
1,100 ,000 acres between three and sixImndred feet , and 350,000 acres
a lif t of more than six hundred feet if th ey are to be watered.

As grea t 'as these pumping lifts would be, t his p lan of distributing
th e water is much less cost ly t han one of gravity conveyan ce. '1'0
import water t o this area by gravity , would req ui r e a cana l of large
dim ension s, tortuously foll owing a grade contou r on st eep mountain
hill sides and winding in and out around ever v rockv spur and in to each
receding ravin e. The total length at tained in its devious route would
double or treble the air lin e distance of five h undre d miles between th e
sourc e of sup ply in the Sacramento River and th e ext reme southerly
lands to be watered. 'l' he cost of const r uc t ing crossings for a gravity
canal at th e innumerable drainage ch an nels that it wou ld interc ept ,
alone wou ld probably exceed th e t otal cost of all th e works of t he COIIl ­

prehensive pl an.
In the compre hens ive plan, the excess waters of the Sacramento

drainage basin' would be collected in the main river channels and, by
mean s of a. dam acro ss Car quinez Straits below th e mouth of both
the Sacramento and San .Ioaquin rivers, th is water would be diverted
into t he lower San Joaq u in Ri ver fro m whic h the grand canal would
take it" water. T hus th e cost of conduit would be obviated fo r th e f ull
length of the Sacramento Vallev , ')' he grand canal would follow th e
smooth val ley floor and its exca vat ion would he th e chea pes t type of
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ea r th work. It is so design ed that by utili zing th e storage capac ity of
Tulare Lake, the pumping plants along its course may operate eleven
mon th s in th e year, resulting in a considerable redu cti on in size of
cana l and of pumps. Th e water s pumped during the winter month s
would be st ored in Tulare Lake fo r use the Iollowinz summer. No
flood menace would be involved in filling th e Lak e du ;:in l!' t he winte r
with th e comprehensive p lan in operati on, for t he complete develop­
ment of both the K ings and Kern r ivers would absorb in ·th eir reser-
voirs, th e flood flows that occasiona lly fill thi s lake. .

In gen eral, ther e is opportunity to gene rate ample elect r icity for
th e pumping r equi red in th e comprehen sive plan, at the dams of
storage r eservoirs dist ant less tha n one hund red mil es from th e p ump­
ing stat ions. Th e total cost of th ese gene r at ing work s would be very
mu ch less tha n the differen ce in cost betw een th e canals and pumping
plants of the comprehensi ve plan, and any gravity system that might
be devised .

The dam across Carquinez St raits would hav e many other adva ntages
in ad ditio n to diverting th e Sa cr amento wate rs in to the lower San
Joaquin River . Du ring seasons of small stream flow, th ere is a ten­
dency for th e salt water of San T'r'ancis eo Bay t o work up into th e
netw ork of channels that divide th e rich delta lands at th e mouth of th e
two riv er s, into man y islands. Th e dam below th e mouth of t hese t wo
rivers would preven t an y damage to th ese ferti le soils th at might r esul t
from such occurences . Further, this dam would maintain Suisun Bay
in fresh water and mak e it possibl e to profitably recl aim all th e tidal
flats alon g its margin , and bring unlimited quantities of fresh water to
the manufa cturing centers a rising along the bay shore fro m' Beni cia
an d Port Costa easter ly to Antioch. It would provide a low level
crossing for railroads and highw ays whose traffic now crosses Carquinez
Straits on ferries . By constructing locks of ad equate dim ensions, thi s
barrier woul d offer no obst ruct ion to navigation. It can be designed
to afford ample water way for floods of the Sa cramento and Sa n Joa­
quiu r ivers so th at flood heights on th e lower ri ver will not be in creased
over tho se,of th e past,

Th e pra ct icahility of locating and eouxtruct ing such a cl am below .
th e mouth of the Sacram ent onnd San J oaquin rivors, has bern invest i­
gated as fn r as could be wit hout exp lora tion borings at th e various
possibl e sites for its loca tion. It was concluded that a dam in thi s
vici nity is feasible but that extended studies of all possibl e sit es should
be pursu ed before a selection is mad e.

This dam would be of ad der! value in creatimr a' large fresh water
reservoirTn Suisun Bay and the delta l;egjons that would have a stor­
age cap ac it y of 500,000' acre feet betw een t he present levels of high and
low tide. Supplies of fresh wat er might be pumped from hero EOI '

consumption, after filtration , ill t he metropolit an areas of San Fran­
cisco Ba y, as well IlS for Il gri culturlll use to supplement, th e local su p­
pli es of the bav r egion. 'r hus water might be broug ht close in to the
bav rezion without cost of conduit f rom the dist an t sourc es. Th ese.
in~estig:ations show that waters of th e Trinity River and th e three
forks of th e E el River in th e North P acific Coast r egion, might he
diverted into th e Sa cramento Ri ver drainage through tu nn els uuder
th e Coast Range Moun tains, not prohibit ive in expense if th eir wat ers
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ar e developed in large quant it ies. Wi th these div ersion s effected,
ther e would be plenty of water , in t he Great Cent ra l Valley drainage
ar ea, to supply all it s futu re, needs as well as th e requirements for all
purposes about the San F'raucisco Bay region.

The di version for ag ricult u ral usc from Suisun Bay would be by a
cana l leading sout hward t hrough Ygn acio ' Valley . Th e .wat er 'would
be elevate d in successive lifts into the Livermor e Val ley. A .p umping
head of sl ight ly more th an f oul' hundred . f eet would be necessary to
lift th e water into Liv er more Valley and addit ional . pumping would
be r equ ired to 'd ist ribut e th e wat er over all of its arable lands. A
t unnel t hro ugh th e hills sepa ra t ing Livermo re Va lley from Sa n Fran­
cisco Bay would take thi s water into t he Sa nta Cla ra Va lley at an eleva­
t ion suffi ciently high to permit gravity di stribution to practi call y all
lands of this valley not irrigabl e from the water s of local st re ams .

Th e agri cultural areas . of . the bay region to the north , .would be
irrigated from di ver sions f rom th c E el and Russian rivers . 'Vater
would be carried in a gra vity canal alm ost one hu nd red . miles in
length into th e Sonoma and Na pa va lleys to supplemen t thei r local
sup pli es. . . .. ..

Several hundred t housa nd acres of agricul tural lands within .t he
Sacra mento drainage area , are. isola t ed from th e main body of its
lands by the Sier ra Neva da Mountains. Th e Pit .River , in the north­
east ern ,earn er of the state, drain s part of a great pl at eau region to .the
east of th e Sierra Nevadas on the edge of the Great Basin of North
Ameri ca, and cuts thr ough these mountains for a distance of sixty
mil es in a deep rock gorge to j oin t he water s of the Sacramento Riv E'I'
befor e th ey emerge into t he Great Centr al Vall ey . ' Th e agr icultural
areas of the P it River lie in several parcels along' its upper reaches
and vary in eleva t ion f ro m 3000 to 5000 f eet abov e sea-fevel. Th e
comprehensive pla n provides for i r-r igatiurr 2G3,300 . acr es of ' these
ar eas bv zravitx di ver sions front the Pi t River' ~ or 'lts t r ibutar ies.
Sevente~n ~resel'~'o i rs of varv ing capacitv will be required to equalize
the st ream flow for th ese diversions.

PAC IFI C COAST DRAINAGE BASINS-SAN FRANCI SCO T O SANTA
BARBARA CHANNEL.

Comp r ised within five la rger valleys and sever al smaller ones, 890,000
acres of t illable lands I ie along' th e Pacific Coast between San Fran cisco
Bay and Santa Barbara Chan nel. Of th ese 135,000 acr es 'ar e under
irrigation at t he presen t t ime. 'I'he wa ter su pply in the st reams tra­
versin g these valleys isenough to 'cover th eir agr icu lt ur al lands to a

, dep th of two feet in an average yea r . ibut th e flowis so flashythatwi th
unlimited storage, only two-thir ds of th eir wat er s could be suitably
equalized for irri gatio n use. Never theless , th ree-fifths of the total area
can be irriga ted under th e comprehens ive plan . In this pl an t he wat er s
would be di ver ted fr om t he strea ms in eac h vallev and car r ied to the
lands in gravity canals. 'I'he cost ly tunnels through th e mountainous
regions separating th ese valleys 'largely prohibit the importat ion of any
smal l sur plus waters th at may occur in adj acent regions, so that th e
agricult u ral lands of each valley would be largely irriga t ed by ind e­
pend ent systems.
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PACIFIC COAST DRAINAGE BASINS-SANTA BARBARA CHANNEL TO
MEXICAN BORDER.

South ward f r om San ta Barbara Channel skir ting the coast and on
t he Pacific slop e of th e Southern California mountains, lie 2,;~00,000
acres of ferti le soils . Th ese lie in th e valleys of st re ams draining into
the P acific Ocean that are less separat ed by mountains than th e va lleys
northward from t hc Santa Bar bara Cha nnel and form an almost con­
tinuous body of agricultural land . Although sever al large streams
t raverse portions of this area , th e tota l waters are hardly sufficien t to
cover th e arable lands to half a foot in depth in th e average year . Their
flow is er rat ic and would r equire mu ch storage capac ity for th eir com­
pl et e development for irrigation use. Reservoir site s are few in number
and dams exp ensive. However ,' it is found that t he wat er sup ply can
be perfect ed on a large part of t he 759,000 acres now irrigated and
perhaps 250,000 additional acr es be brought under wat er .

Unde r the compre hens ive p lan, surface reservoirs would be con­
struet ed and largely used for th e temporary detention of thc wat ers in
t he streams that they might be released in a more 01' less unifor m flow
for spreading over gravel beds. Excepting in th e southern areas of this
region, th ere are coarse alluvia l fills that have a large water -holding
capacity and easily yield th eir conta ine d waters to wells sunk into their
depths. Waters spread on t he gravel beds of t hese valley fills would be
absorbed to join th e subte r ranean wat er s of these basins. Sever ed from
contact with the atm ospher e, these -wa ter s would be held in storage in
the por ous substr at a without loss by evaporation and would be av ailable
as needed through pumping from wells. By combining surface and
undergrou~d st orage in a coordinated plan, th e maxinnun ser vice will
be attained from th ese waters, even a great er ser vice than could be
obtained from storage in surface reservoirs, fo r with complete develop­
ment by su rface storage, about on e-third of all th e water wou ld be lost
by evaporation. Wi thout some surface storage, however, to partially
equalize the flow, large volumes of Hood wat er would rus h off into th e
ocean too qu ick ly for absorption by the gravels in th e stream beds or
diversi on to artifi cial s preading grounds. 'l'h e artificial sp reading of
water is being practi ced with success in some of t he basin s hy di verting
the clear waters th at follow th e first t urbid flood flows. Th ese spreading
op era ti ons can be mu ch ex tended by th e use of surface storage works to
partially equalize th e flood flows and th e employment of additional
spread ing areas.

'I'h exe in vestiga tions hav e mapped the location of th e absorptive
basins in this tcrritory and collec ted much data on the surf ace and
under ground waters. (]) Considerable amounts of water spread on t he
surface of these basins in irrigation , are known to sink to join t he
ground waters and- increase the available supply for other areas. 'I'he
total quantity of wat er in this region is so limited, howev er , th at there
cannot be any great in crease in the areas water ed unless means are

. discover ed of maturing crops with sma ller applica tions of water than
are now cus tomary . l.t is possible .as water increases in value, that mu ch
may be accomplished in reducin g losses by evapo ration whil e applying
the waters to th e soi ls but at ,grea ter expense th an is jus tifiabl e at the

. presen t time.'

' !>See· Appendix "C" to this r ep or t , Bu lle tin N o, 7, St ate Department of P ublic
W ork s , for ma ps of a bs o r p ti ve areas a nd u ndergro und wate r con t ou r s.
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GREAT BASIN DRAINAGE-SOUTH OF LAKE TAHOE.

i\Ior e than (\,000,000 acres of excell en t agri cultural lands lie in th e
sou th ha lf of the stat e east wa rd from th e Siena Nevada Mountain s and
th e range extend ing sout her ly from Tehachapi P ass. Th ese are situa te d
in several parcels varying in eleva t ion f rom below sea -leve l to 5000 feet
or mor e above. Th e local wa tel'S are sma ll in amo unt , fo r of all t he
water s collected by the mounta ins that separate t hese ar eas f rom the
rest of th e sta te, only te n per cent r un off th eir eas te r ly slopes. But a
small part of the entire area could be irrigated if it were not for th e
Colorado River bringing wa t er s from drainag e areas ou t side th e state to
within reach of 939 ,000 acres of th ese lan ds in th e ext re me southeastern
corn er of th e st ate . 'I'here are now 500 ,000 acres irri gated from th e
natural flow of the Colorado River in this r egion, bu t t he area can be
almost doubl ed by t he const r uction of storag e works for saving over
Hood waters. 'I'hes e wat ers woul d be d iverted in "t he pl an , by gravity
cana ls, that serve th e greatest possible area.

'I'he local streams in th e n orth erl v pa rt of this region are mu ch more
productive than in th e sou t h. T he adj acent agricul tural lands are a t

"elevat ions greater than 5000 feet. Th e comp rehens ive plan would carry
most of th ese waters sou t her ly in a cana l tw o hund red an d "eighty miles
lon g to areas 400 0 f eci or less in elevation . 'I'h e wa ters of local streams
are sufficient to ir riga t e 430,000 acres, and in all , ] ,369,000 acres can he
irriga ted in t hese r egions.

G R EA T BASIN DRAINAGE-NORTH OF LAKE TAHOE.

Eastward hom the S iena Nevada Mountains and northwa rd from
Lake 'I'ahoe, th ere arc 667,000 ac res of till abl e lands situa t ed in moun­
tain valleys a nd on the plat eau region of nor th east ern Ca lifo rnia t hat
drain easte r ly toward th e Great Basin of North Am eri ca. "T hese vary
f rom 4000 feet to 5000 fcet or more in elevat ion and occu r in pa rcels
of many sizes. Th ere a re now 82,500 acres u nder irrigati on in th is
region an d th e compre he nsive plan would in crease t his a rea by 48,000
additional acres, Storage r eser voirs would regulate th e stream flow,
and the diver sions W Ol1ld gen erally be Ileal' th e lands t o be wate red.
Sh or t grav ity canals wou ld load t he wa t er' to th e J'egion s of use,

N O RT H PACIFIC COAST DRAINAGE.

About half of th e .agr icu lt u ral ar eas of the Pacific Coast drainage
lie ad jacent to "Jloun t Shasta on the northern and west ern sides ,
Situated at elevati ons of from 2'500 to 4000 f eet, these lands would tak e
th eir water s from adj acent streams, principally th e Klamath 01' it s
tributaries, an d convey th em by gravity to the regions of Use. '1' he
ot her arable lands of th e P acific Coast drainage basins lie in lower
levels. Mostl y less t ha n 500 f eet above th e sea , t hese lands li e in the
val levs or on the detr ital flats along; the lower reaches of the streams.
Ora \:it.'" conv eyanc e of the water s r equi r es on e can al over seventy
mil es in len gth and two more th an tw en ty miles lon g. In all 699,200
acr es can be irrigated under th e comprehensiv e plan . Only 87,300
acres ar e now served with water out of a total a rea of 786 ,000 acres of
agricultur al lands ill this re gion .
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CHAPTER VII.

SETTLEMENT.

, The four millions of people within the confines of California in
nineteen hundred and twenty-three markedly distinguish this state
from the wild and uninhabited mountains, the unsettled valleys and
vacant plains of one hundred years ago . Transfigured through years
of toil, the state's lands are now of immense wealth and the source of
a great in come in foodstuffs and minerals, while in the citi es and towns
are a multitude of industries that enhance the value of the natural
products. Each succeeding generation contr ibutes to these accumu­
lated works th at transform the fruits of th e valley soils and the min­
erals and waters of the mountains into means of sustaining greater
numbers of ip eople in prosperity and contentment. But the value of
these resources and the value of these works is contingent upon their
service to people. ' Neither fertile soil, cr op-matur ing waters or irriga­
tion and hydro-electric st ructures; nor harbors, r ailr oads, or industrial
centers disclose th eir intrinsic value or seethe with industry without
man's vitalizing energy: rather , they are lifeless encumbrances on wide­
flung landscapes unless experien cing human exploitation . So, without
man to animate and guide th emvgrcat works constructed for convert­
ing th e resources of the state into life-sustaining and comfort-giving
commodities, neither incr ease its wealth nor add to th e contentment
of its inhabitants.

Projects for transformin g th e imm ense potential wealth of the
state's waters into food or into light and warmth, must then grow in
size and capacity of output in consonance with. th e augumenting num­
bers of people waiting to put th eir product into use, or those industrial
structures, inanimate and without volition, will weather in the elements,
and , through nonuse, will deteriorate to early decay before oppor­
tunity of service arrives, Enterprises that are carr ier s of water for
domestic and industrial purposes or those which are to dis tribute it s ,
t ire less ene rgy in electr ic cur rent to population centers and rural
communities, are readily design ed in size to accommodate th emselves
to growing communities, and select without difficulty, small ,numbers
of employees to operate the works under th e direction of trained and
skilled superintendents.

However , this not so with systems for car rying the water s ~f the
streams to th e agricnltural lands that these may produce to ,their full
capacity. On th ese syste ms, th e users of the water are so intimately
dependentupon th e su pply, their 'successes and failures are so wrapped
up in th e cost of th e waters 'and excellence of service, that th ey are as
workers in th e larger enterp r ise of developing water for th e land in
order that it may produce irrigated crops, rath er than as consumers
of water fu rnished by the distributionsyst em. The works , the dams,
the canals and the distri bution ditches are bu t part of a system for
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in creasin g th e producti vity of th e soil and until this soil produces
with greater abundance, t he water imp ounding and distributing works
are of no service to th e p-eople. For th ese reasons, private enterp r ises,
distributing water for agricultural use and sellin g it as a commodity,
hav e been supplanted in irriga tion developm ent , by mu tu al companies.
di strict organizations or by th e gover ning political subdivision . ( 1 ) In no
other way ha ve the in terests of constructors of the works and user s of
the wat er become' sufficiently coor dinated that success cou ld be attained
in th e en terpr ise as a whol e.

There are now perhaps, a million or more acres" ? in Califo r nia, fertile
enough, and with water at hand, but which are failin g to produce
ad equately to pay for all th e costs in cluding improvements on th e land .
Mu ch of this is in large holdin gs and in new districts th at have r ecen tl y
heen brough t under irriga ti on and, alt houg h it will undoubtedl y be
closely settl ed and produ ce to capacity within a few years, at present
these lands are la cking in numbers of t illers of the soil to resp ond t o
the p ropit ious agricul tural env ir onment of this state . .At the same
t ime, while th ese vast ar eas are but parti ally producti ve, eage r work ers
and potential farm owners, anxious to prove th eir . worth , but without
mon ey to make a star t ; skilled un iiversity-trained agriculturalists,
capable of directin g agricultural effort and anxious t o exercise th eir
t ra in ing and accumulated kn owledg e, ar e about us in numbers ample to
people and in tensively farm these million or mor e acres and many
1I10r e besid es, if provision were mad e fo r th eir occupying t he land.

It is generally estimated that a set t ler , in addition to bein g an expe r i­
enced farmer, should have at least f rom two to five thousand dollars
cap ital to make th e star t under existing conditions with reasonabl e
expectancy of ultimate su ccess; the success so necessary f or maintain­
ing the cre dit of irrigation enterpr ises. This r eady mon ey is required
to level th e land, to build a house, a ba rn, fences ; to purchase a pl ow
and harrow, a mower', rake and seed ; to procure a horse, and cow, as
well as to pl an t th e first crop and sustain th e settler unt il the first
ha rv est is sold . Two thousand to five thous and dollars. often th e sav­
in gs of a life-time, is not possessed by a large number of people exper i­
enced in farming, and who are desirons of undertaking th e intensiv e
cu lt ivation of an irrigated farm. 'l'h ese requirements so limit th e
number of prosp ective occup an ts for Califor nia's agricultural lands
that the rate of set tl ement ( :l) on th e great irrigation projects already
const ructed is not as ra pid as might be desired. In order to enlarge the
n umber of people who ma y become settlers by reducin g th e initial cash
outlay required, provisions are being mad e by some colon izat ion ente r ­
prises, through whi ch land may be purchased with small pa ym ents that
extend over longer peri ods of time th an ha ve heretofore been gran ted.

Although th e million or more acres of land in Californ ia now failing
to put its water supply to use re presents a partially idl e value in land
and works of perhap s $200,000,000, th e f uture is more concer ned with

'In 1920, le s s tha n 10 pe r ce n t of the ir r ig a t ed a r ea of the whole Unit ed Sta tes w a s
ser ved by commerc ia l e n te rprise s . U . S . Census R eport.

~U. S . Ce nsus R ep or-t s ta te s that th e re w ere 1. 675 ,42 6 a c re s which w er e not irr igated
in 19 20 bu t w hi ch t h e w or k s w ere ca pa h le of ir r iga ting . ( So me of th is is p r-ob n b ly
la nd t ha t neve r w ill h e Ir r lgn t ed. )

(3 )D. S . Census, 1920, r eport s 533.981 a c r es o f irrig ated la n d ava ilable fo r settle m e n t
by ow ne r s ' s ta te men t s . . The R eal E state Commissioner of Ca li f or nia; after a canvass
of the state , es t im a t es t h a t ther e are n ow 95 0,000 a cres a va ila b le fo r se ttleme n t o f
w hi ch 80 p er ce n t is u nde r irrigat ion.
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inc reasing the rate of settlement than th e present . The lands that arc
vet to receiv e irrigation wat er s are lands tha t have been left af tc r t he
more eas ilv devel oped proj ect s hav e been COlli pleted. and th e cost of
water for th em -will be at a n enha nce d r ate p ('I' ac re 0 \'('1' tha t which ha s
p revail ed in th e past . 'I' hese resi du al lands are equally f'urt ilt- , but are
usually sit uate d more dist an t f rom the sou rce of' supply. Some ar e
t racts more uneven of su rface and so r equire eleborate systems of
canals to carry the waters to th e pl ace of p ouring- qut up on the soil.
Ot hers have to acquire wat er r-ights bef ore a sup ply may be obt ai ned,
ami all of them will have to const r uct sto rage works to hold over win ­
I eI' rlocd-water s fOJ' summe r use an d th e run-'off of wet seaso ns for times
of drouth . The cost of these proj ects will be large in compa riso n with
t he ones u uderta ken in t he begi nni ng' of irri gated agricul ture when
projects wer e small and t he works simple.

Future enterp r-ises also mu st orga nize in in cr easin gly lar ge un its,
f or t he re will be many more probl ems presen ted fo r solu t ion th an here­
tofore. and th ese mu st be »nr monutc d in order to cnnsumiuat. e ulti­
mat« succes s. Practi callv all t he suuuue r How of Ca liforn ia's st reams is
now diverted for i l'I'igatioll use and th e lands whi ch can be water ed by
constructin g sho rt canals have been put unde r irriga ti on; but only one­
quarter of the st at e's lands th at need accessorv moisture for greatest
p roductivity can be water ed by projects alread y constr ucte d. Even
n ow, hu ge comb in ations of hundreds of thousands of acres hav e been
found neeessarv tha t lands situated rem ote f rom st ream cha n nels 0 1'

sou rce of supplv ma y be improved. By build ing manv mil es of canals
a nd hu ge reservoirs to augmen t t he s ummer flow with saved-over flood
waters fr om winter, th ese projects are preparing to ca rrv wat er to th e
lands that, th roug h in tensive far ming , they mav he mad e to y ield har­
vests comrueus urate with t he fuvora ble clima te and fe rtile soils of Cal ­
ifornia. . The united efforts of who!o communit ies is proving to be nec­
essary to bring water to the needy lands whi ch would otherw ise remain
dry and unpro ducti ve or whose y ield woul d only be rea lized du r ing
seasons of copious r ai ns. So that to br ing water to the land, lar ge
projects with their immense cons truction programs a re provin g neees­
sa ry even at this time, and their size and complicat ion will grO\\' with
the future .

Th e successf ul cn lminatiou of exte nsi ve and cost lv enterprises not
alone necessi tates that sound plan s be ad opted for th e construct ion of
t he works, not alone that they ma y be erected in a n efficient man­
ner, not alon e that they ln-ing water to f ertile soil at the t ime and
in the quantity ne ed ed , hu t al so that the land he qu ickly occupied
hy the large number of till ers of the soil, whi ch irri gat ed ag ricult ure
demands t o nurtu re and harvest th e incr eased yi eld . Th e fruition of
effor t , the repayment of borrowed capit al in int~'rest and principal , and
th e production of wealth to th e commu nity involve th ousands of oper­
ators in these large enter p t-iecs. each farming from tw enty to forty
acres of irrigated lands. 'l'h e running of the waters through the con­
structed ditches or even 0 11 to th e plowed field s does not mak e t he land
prod uce. The yi eld in g of harvest s is j us t as necessa ry f or the success­
1' 11 1 proj ect as to secur e adequate S11l 1l;;'; of borrowed money with whi ch
to build the works, 'I'he W I'V essence of u tili tv of th ese WOJ'.ks is the
intere st ed and t i relcs» e fro r't~ of the fanll ope'rat ol's t hat st ri ve with
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an d O\' P l' (,OIIlC th e man v an uovan eos incid ent to m utut-ing crops on th e
land.

But 'are th ere sufficient n umbers of peop le possessing the expe rience
and ski ll, the capital and desire, to animate these works and quickly
bring- the lands to fruitful ha rvests under t he requirements of existent
conditions of land sa les and fa rm cr edits ? The ho lders of lar ge proper ­
t ies for several years past have been search ing fo r them and many sti ll
believe t hat they may be foun d, bu t t heir only partly rewarded efforts
are indicative t hat perhaps th ey are not to be immed iately found in th e
numbers desired.

As th e years succeed th emse lves, th e market s for California's farm
product s are ever wid ening. Refri gerator ca rs , fas t express trains, and
the colc! sto ra ge of ocean transport are car ry ing Ca lifo rnia's fruits and
foods for display in markets undreamed of a few years ag o, and the
demand for t hese is in cr easing at an accelerated rate. Wit h propitious
clima te and soil s, this state is attain ing ranking position, a p re cursor to
all the stutcs of th e Un ion in va lu e of agricult ura l and horticultural
products y ielded by their lands, an d ;1II ana lysis of t he rep orts of t he
United States cens us ind ica tes t hat t here will be a ' market for Ca li­
f'orn ias products in 1940, but seventeen years hence, three-f old greater

' . t han in t he y ear 1920. Th e multip lying popu lation of t his state also
demands food in greate r and even greate r' amounts, for the state is
growing fas t. Dur ing th e decade th at closed with 1920, Calif orn ia
exper ience d an enla rgement in th e numbers of p eopl e inhabiting its
farms and cit ies, of forty-four pel' cent of the aggregate of 1910.

'l'hese invest iga tions show that th ere is hind and water ample for
product ion commensurate with thi s pn la rging demand fo r California 's
agricultura l product s, and th e pa st success in financing irrigation con­
st r ucti on dem onstrat es t hat mon el' will be at hand to ere ct th e works
an d f ash ion th e canals, but t he greatest success can on ly be attained
t hro ug h effect ing a system of' coloniz ing th e hind t hat will hast en t he
influx of sett lers and secure a multi pl icity of t illers of the soi l with ou t
delay, so t hat long per iods of stagnation between th eir construction and
time of use may not br-ing emba r-rassment to the ente rpr ises. 'I'he la rge
units in which futu re developmen t mu st be organized will make it
in creas in gly desirable to accelerate t he rate of rura l settlemen t of this
state.

Two examples of wel l coord in ated and sys te matized colon izat ion may
be seen a t Durham in Butte County, and at Delhi in .M erced County,
the two sta te lan d set t lemcnt proj ect s.(11 However , th ese two colon ies
are bu t a demo nstration of possibi lit ios in st imu lati ng r ura l settl ement
for th eir combined area is on ly ] :1,D20 acres, A statewide stimulus to
t he occu pancy of fa rm lands woul d greatly in cre ase t he naturall y
exped it ions growth of CaIifor nia 's irr igated communiti es, insure a f n ll
measu re of production to meet all dema nds, and assist Californ ia in
seizing and holding agri cultural and hort icu ltura l sup remacy among
th e states of this nation , - .

(I)For d escrip t io n o f thes e projec ts Sf e " Lte port of Divis ion of Land S ettl em e nt, " a
s u b tli v lston o f the Depar tment of P u bli c W o r-k s of the St at e of Ca lifo r n ia. the r e po r t
be in g Part V o f the fir s t h le n n ia l n ..'po rt of that de partmen t . dat ed Se }J ten lb er 1, 19:!:!.
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